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AN APPLICATION OF PATTERN RECOGNITION TECHNIQUES 
TO SOCIAL SYSTEMS MODELING
CHAPTER I  
INTRODUCTION
The concep t  of  a sys tem,  a t  l e a s t  in  a fo rmal ized  s e n s e ,  i s  a 
r e l a t i v e l y  new one to  the f i e l d  of  e n g in e e r in g .  This  broadened approach 
t o  the  equipment des ig n  problems has been w ide ly  m i s i n t e r p r e t e d .  As a 
r e s u l t  t h e r e  i s ,  as y e t ,  no p r e c i s e  d e f i n i t i o n  of  j u s t  what system a n a l ­
y s i s  or  " the  system approach"  i s .  These terms r a r e l y  convey the same 
concep t  to  any two h e a r e r s ;  t h e r e f o r e ,  no formal a t t em p t  w i l l  be made to 
d e f i n e  the  r a t h e r  hazy boundary between system and non-system. I t  w i l l  
be more f r u i t f u l  a t  t h i s  p o i n t  to  note c e r t a i n  c h a r a c t e r i s t i c s  which a re  
p r e s e n t  in  many equipment sys tems.  F i r s t ,  a l l  elements  o f  the system 
have some common purpose .  I t  may not  be r i g i d l y  c o n t r o l l e d  by a c e n t r a l  
c o n t r o l l e r  b u t  a l l  p a r t s  o f  the system c o n t r i b u t e  in some manner to  the 
p ro d u c t io n  o f  a s e t  o f  o u tp u t s  from a s p e c i f i e d  s e t  of  in p u t s .  The r e ­
l a t i o n s h i p  between th e  v a r i a b l e s  o f  a system i s  seldom a simple one. A 
change in  one v a r i a b l e  g e n e r a l l y  w i l l  a f f e c t  many of the o t h e r s ,  u s u a l l y  
i n  some n o n - l i n e a r  f a s h i o n  r e s u l t i n g  in  a r i c h n e s s  of  behav io r  which i s  
d i f f i c u l t  t o  d e s c r i b e  w i th  a h igh  degree o f  p r e c i s i o n .  The same 
c h a r a c t e r i z a t i o n  may be n o t i c e d  to  hold f o r  a l a rg e  c l a s s  of  "non-hard  
w are"  s i t u a t i o n s  which occur  in  f i e l d s  such as b io lo g y ,  economics,  and
1
2the  s o c i a l  s c i e n c e s .  Since  th e re  e x i s t s  a l a rge  c o l l e c t i o n  of techn iques  
u s e f u l  f o r  the c h a r a c t e r i z a t i o n ,  a n a l y s i s ,  and s y n t h e s i s  of  hardware s y s ­
tems,  one i s  tempted to  t r y  (by analogy) to  apply  th e se  same te c h n iq u e s ,  
o r  m o d i f i c a t i o n s  t h e r e o f ,  t o  non-hardware s i t u a t i o n s .
The a p p l i c a t i o n s  of  the  "systems approach"  to  non-hardware systems 
g e n e r a l l y  have taken  the form of  some a t tem p t  a t  modeling the system in 
q u e s t i o n .  This  paper  s p e c i f i c a l l y  d ea l s  with  a problem which occurs in 
the  s i m u l a t i o n  of s o c i a l  sys tems ,  but  i t  w i l l  be e a s i l y  seen t h a t  the ap­
p l i c a t i o n s  o f  da t a  h a n d l in g  techn iques  d e s c r ib e d  he re  a r e  no t  n e c e s s a r i l y  
r e s t r i c t e d  to  s o c i o l o g i c a l  in fo rm a t ion .
In  o rd e r  to p rov ide  a b a s i s  f o r  the i n t r o d u c t i o n  and d i s c u s s io n  
o f  t h e se  t e c h n iq u e s ,  i t  w i l l  f i r s t  be n ece ss a ry  to  d i s c u s s  a b a s i c  a p ­
proach  to  system modeling and to  examine some e x i s t i n g  s im u la t i o n s  of  
s o c i a l  sys tems .  A f t e r  o bse rv ing  a r e a l  world system in  o p e ra t io n  i t  
may be argued  t h a t  i t  i s  im poss ib le  to  r e p r e s e n t  a s o c i a l  system (or any 
system fo r  t h a t  m a t t e r )  in  a l l  i t s  complex ity and v a r i e t y .  While t h i s  
i s  c e r t a i n l y  t r u e  in  some s i t u a t i o n s ,  i t  i s  n e v e r t h e l e s s  d e s i r a b l e  to  
a t t e m p t  to  model c e r t a i n  f a c e t s  o f  the system behav io r  f o r  the purpose 
o f  p r e d i c t i n g  i t s  f u t u r e  per fo rmance .  That i s  to say ,  c e r t a i n  a s p ec t s  
o f  system b ehav io r  may be d e s c r i b a b l e  to  the e x t e n t  t h a t  a model o f  the 
sys tem may be b u i l t  which under  c e r t a i n  c o n d i t io n s  w i l l  behave in a 
manner approx im at ing  the b ehav io r  of  the o r i g i n a l  system.
As an example of  a system c o n s id e r  an o rd in a ry  t r i o d e  vacuum tube .  
In  a c t u a l i t y  i t  i s  c e r t a i n l y  a v e ry  complex system. The behavior  of  the 
c u r r e n t  th rough  i t  i s  dependent  on a po p u la t io n  o f  e l e c t r o n s .  Although 
i t  i s  p o s s i b l e  to a n a l y t i c a l l y  t r e a t  the behavior of  a s i n g l e  e l e c t r o n ,
3i t  i s  no t  p o s s i b l e  to  d e s c r i b e  the e x a c t  behav io r  of  the  e n t i r e  p o p u la ­
t i o n .  Indeed ,  i t  i s  even im poss ib le  to  o b ta in  a census  of  t h i s  p o p u la ­
t i o n  a t  any g iven  i n s t a n t  of  t ime.  In  a d d i t i o n  to  t h i s  c o m p l i c a t i o n ,  
the d e n s i t y  and b ehav io r  of the p o p u la t io n  i s  a f f e c t e d  by i t s  e n v i r o n ­
ment,  i . e . ,  t e m p e ra tu r e ,  hum id i ty ,  r a d i a t i o n ,  and supply  v o l t a g e  
v a r i a t i o n s  to  name a few f a c t o r s .  These and o th e r  f a c t o r s  sometimes 
in f lu e n c e  b eh a v io r  in  a r a t h e r  vague and a r b i t r a r y  manner. Yet ,  d e ­
s p i t e  a l l  o f  th e s e  c o m p l e x i t i e s ,  i t  i s  p o s s i b l e  under c e r t a i n  o p e r a t i n g  
c o n d i t io n s  to  q u i t e  s u c c e s s f u l l y  r e p r e s e n t  t h i s  dev ice  by a s i n g l e  
source  and a r e s i s t o r  1 In f a c t  under these  o p e ra t in g  r e s t r i c t i o n s  a 
g e n e ra l i z e d  model of a vacuum tube may be drawn which can be s a i d  to  
r e p r e s e n t  the  b eh av io r  of  a l l  t r i o d e  vacuum tubes and may be used to 
t e s t  hypo theses  ( so lve  problems) inv o lv in g  the se  dev ices  w i th o u t  
r e f e r e n c e  to  any p a r t i c u l a r  tube t y p e .  To r e p r e s e n t  a p a r t i c u l a r  
vacuum tube some measurements a r e  g e n e r a l l y  made in  the l a b o r a t o r y  
and from t h e s e ,  param ete rs  r e l a t i n g  the t h e o r e t i c a l  model to  the r e a l  
world a r e  o b t a in e d .
The fo re g o in g  d i s c u s  ; ion was n o t  aimed a t  any p a r t i c u l a r  j u s t i f i ­
c a t i o n  of  p rocedures  r e g a rd i n g  a n a l y s i s  of vacuum tube c i r c u i t r y ,  but  
r a t h e r  to i l l u s t r a t e  a method of  approach which i s  q u i t e  common in  en­
g in e e r in g .  The employment o f  a "system approach"  to  a non-hardware 
problem c o n s i s t s  l a r g e l y  of  a t t e m p t in g  to  b r i n g  to  bear  the same view­
p o in t  and te chn iques  which have met w i th  success  in  e n g in e e r in g  p ro b ­
lems .
In  t h e  i n v e s t i g a t i o n  o f  b eh a v io r  of  s o c i a l  systems a n a l y s i s  and 
s im u l a t i o n  could  proceed based  on one of  two v ie w p o in ts .  S tu d ie s  could
4be undertaken p u re ly  f o r  the purpose o f  t e s t i n g  hypotheses  conce rn ing  
the  behav io r  of  s o c i a l  systems In g e n e r a l .  The b a s i s  f o r  t h i s  type o f  
i n v e s t i g a t i o n  may e i t h e r  be a pu re ly  t h e o r e t i c a l  c o n j e c tu r e  about  the 
d e t a i l e d  s t r u c t u r e  of  the system ( i n t e r n a l  model) or  a s e t  o f  e m p i r i c a l  
c o n s t r u c t s  d e r iv e d  from o b s e rv a t io n s  of  the  s y s t e m 's  b e h a v io r  ( e x t e r n a l  
model) .  In o r d e r  to  v a l i d a t e  these  modeling p r o c e d u re s ,  a second 
l e v e l  of  s im u la t i o n  must  be under taken  aimed a t  r e l a t i n g  the  t h e o r e t i ­
c a l  param eters  to  r e a l  wor ld  v a l u e s ,  a procedure  analogous  t o  the  
l a b o ra to r y  measurement o f  vacuum tube pa ram ete r s .
CHAPTER I I
SELECTED EXAMPLES OF PREVIOUS WORK 
IN SOCIAL SYSTEMS MODELING
I t  w i l l  be i n s t r u c t i v e  t o  look a t  some s e l e c t e d  examples of p r e ­
v ious  work i n  the a r e a  o f  s o c i a l  systems modeling.  The examples given  
a re  co n s id e re d  t o  be r e p r e s e n t a t i v e  of  c l a s s e s  of s o c i a l  system models 
which have been p r e s e n te d  in the  l i t e r a t u r e .  The d i s c u s s i o n  of  each 
model i s  n o t  e x h a u s t iv e  in  d e t a i l  and i s  in tended  to  p r e s e n t  a b r i e f  
view o f  the s t a t e - o f - t h e - a r t  o f  s o c i a l  system s i m u l a t i o n .  For a de­
t a i l e d  a n a l y s i s  of  each the  r e a d e r  i s  r e f e r r e d  to  the  o r i g i n a l  a r t i c l e .
The f i r s t  such model to  be cons ide red  was developed by Gullahorn 
and G ullahorn  (7) .  I t  i s  an a t t em p t  to  s im u la te  an e lementary  s o c i a l  
s i t u a t i o n  u s in g  as a b a s i s  a s e t  o f  p r o p o s i t i o n s  taken from Homans (8 ) .  
These p r o p o s i t i o n s  a re  as fo l low s :
P r o p o s i t i o n  j. - " I f  in  the  r e c e n t  p a s t  the occu r renc e  o f  a p a r t i c u l a r  
s t im u lu s  s i t u a t i o n  has been the  occas ion  on which a 
man's  a c t i v i t y  has been rewarded,  then  the more 
s i m i l a r  the p r e s e n t  s t im u lus  s i t u a t i o n  i s  to the 
p a s t  one,  the more l i k e l y  he i s  to  emit  the a c t i v i t y ,  
o r  some s i m i l a r  a c t i v i t y ,  now."
Propos i t i o n  2 - "The more o f t e n  w i t h i n  a given p e r io d  of  time a man's  
a c t i v i t y  rewards the a c t i v i t y  of  a n o t h e r ,  the more
6o f t e n  the o th e r  w i l l  emit the  a c t i v i t y . "
P r o p o s i t i o n  2  ~ "The more v a l u a b le  to  a man a u n i t  of  the  a c t i v i t y
a no the r  g ives  him, the more he w i l l  emit  a c t i v i t y  
rewarded by the a c t i v i t y  of  the o t h e r . "
Propos i t i o n  4 - "The more o f t e n  a man has in  the r e c e n t  p a s t  r ece iv ed
a rewarding a c t i v i t y  from a n o t h e r ,  the l e s s  v a lu a b le  
any f u r t h e r  u n i t  o f  t h a t  a c t i v i t y  becomes to h im ."  
P r o p o s i t i o n  5 - "The more to  a man's  d isadvan tage  the r u l e  of  d i s t r i ­
b u t iv e  j u s t i c e  f a i l s  o f  r e a l i z a t i o n ,  the more l i k e l y  
he i s  to d i s p l a y  the  emotiona l  behavior  we c a l l  a n g e r . "
Using the  programming language IPL-V a s im u la t io n  has been w r i t t e n  
which r e p r e s e n t s  the  behav ior  of  two h y p o t h e t i c a l  a c t o r s  named Ted and 
George.  The s i t u a t i o n  here i s  q u i t e  s imple .  Ted asks George f o r  he lp  
(AR) and George must decide  whether or  not  to honor the r e q u e s t  (AE) 
us ing  the p r e v io u s l y  s t a t e d  p r o p o s i t i o n s .  A flow c h a r t  of  the s im u la ­
t i o n  i s  shown in  F igure  1. I f  a box in the flow c h a r t  c o n ta in s  a 
q u e s t i o n  "+" i n d i c a t e s  a "yes"  answer and " - "  a "no ."  Roman numerals  
i n d i c a t e  program segments and "P" i n d i c a t e s  use of  one of  the p r o p o s i ­
t i o n s  .
The s im u l a t i o n  program is  a sequence of  o p e ra t io n s  on a c o l l e c t i o n  
o f  l i s t s  thus red u c in g  a s o c i a l  p rocess  to  one of symbol m a n ip u la t io n .  
The a c t o r s  Ted and George a re  r e p re s e n t e d  by h ig h ly  s p e c i f i c  l i s t s  of  
a t t r i b u t e s  i n c lu d in g  pe r s o n a l  i d i o s y n c r a c i e s  and r e c e n t  p a s t  h i s t o r i e s .  
As a r e s u l t  the  s im u la t i o n  emphasizes non-numer ical  p rocesses  and is 
e s s e n t i a l l y  d e t e r m i n i s t i c  in  n a t u r e .  I t  f u r t h e r  r e p r e s e n t s  a person 
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9r e c e i v i n g ,  a n a ly z in g ,  r e c o n s t r u c t i n g ,  and s t o r i n g  in fo rm a t io n .  No a t ­
tempt i s  made in  t h i s  s im u l a t i o n  to  r e l a t e  the h y p o t h e t i c a l  Ted and 
George to  a r e a l  Ted and a r e a l  George,  i . e . ,  to  c o n s t r u c t  p e r s o n a l  
d a ta  l i s t s  which a c t u a l l y  r e p r e s e n t  a r e a l  person .  The r e s u l t s  o f  the 
program y i e ld e d  sequences o f  even ts  which in  the o p in io n  of  the e x p e r i ­
menter  mapped onto r e a l  l i f e  s i t u a t i o n s .  However, s i n c e  t h i s  was a 
pu re ly  t h e o r e t i c a l  s t u d y ,  no a t tem p t  was made to  model any r e a l  l i f e  
s i t u a t i o n .
A s l i g h t l y  d i f f e r e n t  c l a s s  of in fo rm a t io n  f low and p ro ces s in g  
model has been i n v e s t i g a t e d  by McWhinney (11) in  s im u l a t i o n  of  com­
munica t ion  n e t  exper im en ts .  In  t h i s  s e t  o f  exper iments  each member of  
the  group i s  r e p r e s e n t e d  by a s e t  o f  Boolean m a t r i c e s .  A l l  in fo rm at ion  
conce rn ing  the i n d i v i d u a l ' s  knowledge of  the  s t r u c t u r e  o f  the n e t ,  i n ­
fo rmat ion  re c e iv e d  and s e n t ,  r e c e n t  p a s t  h i s t o r y ,  e t c .  was s t o r e d  in 
some m a t r ix  in  t h i s  s e t .  To o b ta in  i n i t i a l  d a ta  fo r  th e se  m a t r i c e s ,  
an exam inat ion  of  the r e c o rd s  of  p rev ious  smal l  communication n e t  
s t u d i e s  was made in an e f f o r t  to o b ta in  v a lu es  and r e l a t i v e  weights  
of  va r io u s  v a r i a b l e s .  In  a d d i t i o n  some hypotheses  were genera ted  
based on v i s u a l  i n s p e c t i o n  of  t h i s  same in fo rm a t io n .  These hypotheses  
concerned l o c a l  r a t i o n a l i t y ,  impat ience  and p e r s i s t e n c e .  Local  r a t i o n ­
a l i t y  implied  t h a t  A w i l l  no t  communicate w i th  B u n le s s  he has some 
in fo rm a t io n  he does no t  know B to  p o s s e s s .  Impat ience  d e a l t  w i th  the  
w i l l i n g n e s s  of  an i n d i v i d u a l  to  abandon a p a r t i c u l a r  behav io r  i f  i t  
seemed to  c o n f l i c t  w i th  group e f f e c t i v e n e s s  du r ing  a p a r t i c u l a r  t r i a l  
while  p e r s i s t e n c e  d e a l t  w i th  the w i l l i n g n e s s  of  t h i s  same i n d i v i d u a l  to  
t r y  the same l i n e  of  b e h a v io r  in  subsequen t  t r i a l s .  S im ula t ions  of  a
1 0
type of  experiment such as has been d e s c r ib e d  were done u s ing  s e v e r a l  
d i f f e r e n t  c o n s t r a i n t s  on n e t  geometry as shown in F igure  2. The r e s u l t s  
o f  the s im u l a t i o n  u s in g  the c i r c u l a r  n e t  s t r u c t u r e  f a i l e d  to y i e l d  an 
e f f i c i e n t  group s t r u c t u r e .  However, comparison w i th  e m p i r i c a l  da ta  
showed a good cor respondence  to  the behav io r  of  groups which had s i m i ­
l a r l y  f a i l e d  to deve lop an e f f i c i e n t  s t r u c t u r e .  S imulated groups us ing  
the  second s t r u c t u r e  f a i l e d  to  respond in  any manner which could  be 
r e l a t e d  to e m p i r i c a l  f i n d i n g s .  The i n v e s t i g a t o r  f e e l s  t h a t  t h i s  lack  
of  correspondence  i s  due a t  l e a s t  in  p a r t ,  to  lack  of  proper in fo rma­
t i o n  reg a rd in g  v a lu es  of  program p aram ete rs .  In the  e m p i r i c a l  da ta  
used these va lues  cou ld  no t  be r e l i a b l y  de termined u s ing  s t a n d a rd  
s t a t i s t i c a l  measures.
Net fo r  f i r s t  p a r t  of  
s im u la t i o n
Net f o r  the second 
p a r t  of  the  s im u la t i o n
F igu re  2
A t h i r d  example of  computer  s im u la t io n  of  a s o c i a l  process  was 
developed by Coe (2) and concerns  the  i n t e r a c t i o n  of  two i n d i v i d u a l s  
named A l t e r  and Ego. The s im u la t i o n  shown by the f low diagram in
1 1
F igure  3 i s  a g a in  a l i s t  p ro c e s s in g  one which a t tem p ts  to  s im u la te  no t  
only  the i n t e r a c t i o n ,  bu t  a l s o  the  l e a r n i n g  behav ior  o f  A l t e r  and Ego. 
Both i n d i v i d u a l s  a r e  r e p r e s e n t e d  by l i s t s  o f  in fo rm at ion  such as p r e ­
v io u s  c o n t a c t s  between the  two i n d i v i d u a l s ,  t o l e r a n c e  f o r  f r u s t r a t i o n ,  
e t c .  R e s u l t s  of  t h i s  s i m u l a t i o n  may be summarized by the fo l low ing  
s t a t e m e n t .  The p ro c e s s in g  o f  the se  l i s t s  r ev o lv e s  around an a l g e b r a i c  
scheme in v o lv in g  the  c a l c u l a t i o n  of  u t i l i t i e s  ( c o s t s  and rewards)  and 
an im plem enta t ion  of  the f r u s t r a t i o n - a g g r e s s i o n  h y p o th e s i s .  Learn ing  
is  i n t ro d u c e d  th rough simple r e in fo rc e m e n t .  I f  bo th  i n d i v i d u a l s  have 
a h ig h  t o l e r a n c e  f o r  f r u s t r a t i o n ,  no c o n f l i c t  w i l l  be gene ra ted  be ­
tween them. I f  bo th  i n d i v i d u a l s  have a low t o l e r a n c e  f o r  f r u s t r a t i o n ,  
the r e l a t i o n s h i p  between them w i l l  tend to  be te rm ina ted  a t  an e a r l y  
s t a g e .  I f  one i n d i v i d u a l  has a h igh  t o l e r a n c e  f o r  f r u s t r a t i o n  and 
the o th e r  a low t o l e r a n c e  f o r  f r u s t r a t i o n ,  c o n f l i c t s  w i l l  tend  to  be 
so lved  in  f a v o r  o f  the pe r so n  who has a low f r u s t r a t i o n  t o l e r a n c e .
The a t t r a c t i v e  f e a t u r e  o f  t h i s  s tudy  i s  i t s  a t t e m p t  to  ask  l e a r n i n g  
type q u e s t i o n s  of  a l e a r n in g  type program. That  i s  to say ,  i t  i s  con­
c e i v a b l e  t h a t  t h i s  type o f  s i m u l a t i o n  could be " t r a i n e d "  to  r e p r e s e n t  
a r e a l  s i t u a t i o n  by r e p e a t i n g  the  i n t e r a c t i o n  and a d j u s t i n g  program 
p a ra m e te r s ,  e . g . ,  t o l e r a n c e  l e v e l s ,  l e v e l s  of  p e r c e p t i o n ,  e t c . ,  so 
t h a t  p r e v io u s l y  ob ta ined  r e s u l t s  about  i n t e r a c t i o n s  between two 
people  could  be approximated.
I t  i s  the  consensus  of  p rev ious  i n v e s t i g a t o r s  in  s o c i a l  system 
s im u l a t i o n  t h a t  the  r o l e  of  computer  s im u l a t i o n  i s ^ p r i m a r i l y  one of  
hypotheses  t e s t i n g .  Assuming t h a t  a r ea so n ab le  model of  a g iven  system 
can be deve loped ,  the main u t i l i t y  of  such a model would be in  the
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t e s t i n g  of  hypotheses  r e g a rd in g  behav io rs  o f  the system. In t h i s  manner 
s e v e r a l  p o s s i b l e  approaches  to  the  s o l u t i o n  o f  a p a r t i c u l a r  problem 
could  be t r i e d  w i th  g r e a t  r a p i d i t y  and a t  much l e s s  c o s t  when compared 
w i th  the  p h y s ic a l  a l t e r n a t i v e  of  conduct ing  an experiment or  c o n s t r u c t ­
ing a machine.  A given  system model should u t i l i z e  " l e a r n i n g "  type p ro ­
grams which produce new r e s u l t s  based on p a s t  e x p e r i en ce  and evidence  
r a t h e r  than problem so lv in g  type programs which involve  s o l e l y  the 
m anipu la t ion  of  a r r a y s  of numbers.  For example,  one could seek  to 
de te rmine common f a c t o r s  p r e s e n t  in  insurgency  o p e r a t i o n s  or  i n v e s t i ­
ga te  the p o s s i b l e  impact of  c l o s i n g  a m i l i t a r y  base in  a c e r t a i n  a rea  
or  de termine  the  impact of  a c e r t a i n  type of  new technology on an 
underdeveloped coun t ry .
As y e t ,  of  co u r se ,  no w e l l  developed body of  s o c i a l  system models 
e x i s t s  but  w i th  the in c r e a s in g  a v a i l a b i l i t y  of  advanced computer  h a rd ­
ware such as a s s o c i a t i v e  and sk e tc h  pad memories and improved sof tw are  
fo r  m a n ip u la t io n  of  pages of  in fo rm at ion  in  the s to r a g e  h i e r a r c h y  more 
and more s o p h i s t i c a t e d  models a r e  be ing  developed.  As was p r e v io u s ly  
mentioned,  th e re  must be some means of r e l a t i n g  the se  models to  a c t u a l  
s i t u a t i o n s  and v ic e  v e r s a  i f  they a re  to have any u t i l i t a r i a n  v a lu e .
In the system model of  the vacuum tube the proper  paramete r  v a lu es  may 
always be expressed  in terms of va lues  ob ta ined  by a r a t h e r  s imple 
measurement p ro c e s s .  This  enab les  one to  use the  model to  good ad­
vantage  to  r e p r e s e n t  a p a r t i c u l a r  vacuum tube .  U n fo r tu n a t e ly ,  no such 
simple g ene ra l  model of  a s o c i a l  p rocess  e x i s t s .  The r e l a t i o n s h i p  b e ­
tween v a r i a b l e s  and,  in f a c t ,  the  impor tan t  v a r i a b l e s  themselves  a r e ,  
more o f t e n  than n o t ,  obscured  in  masses o f  d a ta  which may or may not
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be r e l e v a n t .  Moreover,  the da ta  a r e  u s u a l l y  n o t  in  q u a n t i t i z e d  form 
which i s  e a s i l y  ad a p ta b le  to  m a n ip u la t io n  by numeric methods.  In forma­
t i o n  conce rn ing  s o c i a l  systems may be found in  n a r r a t i v e  form, as 
e x p r e s s io n s  of  s u b j e c t i v e  or  o b j e c t i v e  judgements,  or  as  q u e s t i o n n a i r e  
type d a t a  as w e l l  as in  numeric form. Because of  t h i s  i t  i s  sometimes 
d i f f i c u l t  to  p rocess  a l l  o f  the  p e r t i n e n t  in form at ion  r e g a r d i n g  a g iven 
system by s t a n d a r d  means such as a n a l y s i s  of v a r i a n c e ,  c a l c u l a t i o n  of  
moments, o r  r e g r e s s i o n  curve f i t t i n g  te ch n iq u es .
The t a s k  of  da ta  r e d u c t io n  in  t h i s  s i t u a t i o n  becomes one of  reco g ­
n i z i n g  th e  p a t t e r n s  of  dependency of  the va lues  o f  c e r t a i n  v a r i a b l e s  
upon c e r t a i n  o t h e r  v a r i a b l e s .  Supposing t h a t  a s u i t a b l e  numeric (not  
n e c e s s a r i l y  dec imal)  coding scheme can be dev i sed ,  i t  i s  p o s s i b l e  to  
perform o p e r a t i o n s  analogous to  curve f i t t i n g  us ing  " l e a r n i n g "  machines .  
The use of  p a t t e r n  re c o g n iz in g  machines to  d i s c o v e r  r e g u l a r i t i e s  in  
s e t s  o f  numbers has been found to  y i e l d  s u r p r i s i n g  r e s u l t s  in  m e te o r ­
ology (9) and medicine (5 ) .  The remainder  of t h i s  paper w i l l  be con­
cerned  w i th  the  a d a p t a t i o n  of th e s e  te chn iques  t o  the p r o c e s s in g  of  
in fo rm a t io n  conce rn ing  s o c i a l  sys tems.
CHAPTER I I I  
ENCODING OF INFORMATION
I f  one wishes  t o  u t i l i z e  a d i g i t a l  computer  f o r  da ta  p ro c e s s in g  
th e  i n fo rm a t io n  to  be p rocessed  must  be ex p res sed  in  some symbolic 
form. For i n s t a n c e ,  the  language IPL-V is  a l i s t  p ro ces s in g  language 
e s p e c i a l l y  s u i t e d  to  th e  h a n d l in g  in fo rm a t io n  in  th e  form of E n g l i s h  
language  s t a t e m e n t s .  S i m i l a r l y ,  the  language FORTRAN i s  p a r t i c u l a r l y  
w e l l  s u i t e d  to the  m a n ip u la t io n  o f  a r i t h m e t i c  s t a t e m e n t s  and to  some 
e x t e n t  l o g i c a l  s t a t e m e n t s .  In  choos ing  a scheme f o r  p ro c e s s in g  a 
g iven  c l a s s  of  i n f o r m a t io n ,  the fo l lo w in g  q u e s t i o n s  could  be asked :
1. In  what form i s  the raw d a ta?
2.  What kind o f  o p e r a t i o n s  a r e  to  be performed on th i s  
in fo rm a t io n ?
3. What i s  the  r e l a t i o n s h i p  between the im por tan t  v a r i a b l e s  
under i n v e s t i g a t i o n ?
I f ,  f o r  i n s t a n c e ,  a c h i - s q u a r e  t e s t  i s  to  be performed on numeric 
in fo rm a t io n  which i s  normal ly  d i s t r i b u t e d ,  an a l g e b r a i c  scheme w i l l  do 
q u i t e  n i c e l y .  On the  o t h e r  hand,  a l i s t  p r o c e s s in g  r e p o r t  g e n e r a to r  
might  be used to compile q u e s t i o n n a i r e  d a t a .
The in fo rm a t io n  conce rn ing  s o c i a l  p ro cesse s  appears  in  a v a r i e t y  
of  forms.  An o r d in a r y  newspaper,  f o r  i n s t a n c e ,  c o n t a in s  a w e a l t h  of 




experiments  and i n v e s t i g a t i o n s  in  the  s o c i a l  s c i e n c e s  a re  sometimes in 
n a r r a t i v e  form, sometimes in the form of s u b j e c t i v e  judgements ,  some­
t imes as o b j e c t i v e  s t a t e m e n t s  based on o b s e r v a t i o n s  o f  the  p roces s  under  
s c r u t i n y ,  and sometimes in  numeric form. In  many p s y c h o lo g ic a l  s t u d i e s  
the number of  v a r i a b l e s  i s  kep t  to  a minimum so  t h a t  r i g i d  l a b o r a t o r y  
c o n d i t io n s  may be m a in ta in ed .  Even a simple s i t u a t i o n  a s ,  e . g . ,  a com­
m unica t ions  n e t  exper iment  may produce such a w ea l th  of  da ta  and v a r i e t y  
of  b ehav io r  as to  de fy  a n a l y s i s  and to  produce only  the  most rud im en ta ry  
c o n c l u s i o n s .
In  the  main the  r e s u l t s  o f  the p ro c e s s in g  o f  da t a  about  a p a r t i c ­
u l a r  s o c i a l  system should  y i e l d  a t  l e a s t  p a r t i a l  answers to  two q u e s ­
t i o n s .  F i r s t ,  what v a r i a b l e s  a re  im por tan t  i n  the  p ro d u c t io n  of  a 
g iven  l i n e  of  b e h a v io r  and s econd ly ,  once th e se  v a r i a b l e s  a re  i d e n t i f i e d  
what i s  t h e i r  r e l a t i v e  im por tance ,  i . e . ,  what "weight"  does the  p rocess  
a s s i g n  to each v a r i a b l e .  Once th e se  q u e s t i o n s  a re  dec ided  then  the 
p r e c i s e  f u n c t i o n a l  r e l a t i o n s h i p  between the  v a r i a b l e s  themselves  may 
be i n v e s t i g a t e d .  P r e s e n t l y ,  the methods of  a n a l y s i s  of  v a r i a n c e ,  
f a c t o r  a n a l y s i s ,  the c a l c u l a t i o n  of  c o r r e l a t i o n  c o e f f i c i e n t s ,  and in p u t -  
o u tp u t  a n a l y s i s  a re  employed in an e f f o r t  to p rov ide  answers to  the 
above q u e s t i o n s .  U n f o r tu n a t e ly ,  the se  v e ry  co n v en ien t  methods have 
l i m i t e d  a p p l i c a t i o n  s in c e  e x i s t i n g  a lg o r i th m s  f o r  computing th e se  quan­
t i t i e s  r e q u i r e  the da ta  to  be expressed  in  dec imal form. I t  i s  a l s o  
assumed t h a t  a l l  v a r i a b l e s  a re  l i n e a r l y  r e l a t e d  thus  ig n o r in g  a l l  
synergisms which occur .  In c o n t r a s t  no such r e s t r i c t i o n s  need be 
p laced  on da ta  p rocessed  by a l e a r n i n g  machine.  Such a machine can be 
t r a i n e d  to  c l a s s i f y  d a t a  p e r t a i n i n g  to a c e r t a i n  r e s u l t  by u s in g  the
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da ta  as a b a s i s  f o r  t r a i n i n g .  Once t r a i n e d ,  the machine w i l l  then be 
a b l e  to  c l a s s i f y  f u r t h e r  da ta  p e r t a i n i n g  to  the  same r e s u l t .  The 
machine " l e a r n s "  to  c o r r e c t l y  c l a s s i f y  in fo rm a t ion  by a s s ig n in g  
"we igh ts"  to  in p u t  v a r i a b l e s  and thus w i l l  produce answers to the a f o r e ­
mentioned two q u e s t io n s  r e g a rd in g  c r i t i c a l  v a r i a b l e s .  The num er ica l  
v a lu es  of  each of  the v a r i a b l e s  need not  be exp res sed  in  the  same num­
b e r  base a l though  f o r  i n t e r p r e t i v e  purposes i t  i s  d e s i r a b l e  to  do so .
A p r i o r i  s ta t em en t s  conce rn ing  r e l a t i o n s h i p s  between independent  v a r i ­
ab l e s  need n o t  be made s in c e  th e se  appear as a r e s u l t  o f  p ro c e s s in g  by 
the machine .
In most of the-, work: which 'has .  been done p r e v io u s l y  the  in fo rm a­
t i o n  was p re s e n te d  to the machine in  terms o f  b in a ry  v e c t o r s .  Accord­
in g l y ,  the  fo l lowing  encoding schemes a re  given  f o r  encoding  da ta  in t o  
a p p r o p r i a t e  b in a ry  v e c t o r s .  The in form at ion  to  be p rocessed  may be 
d iv ided  i n t o  th r e e  broad c a t e g o r i e s  as fo l lows :
Category 1: F in e l y  quan t ized  d a t a . This  c a teg o ry
inc ludes  any da ta  s e t s  o f  more than 10 v a l u e s ,  which 
c o n t a in  a coun tab le  number of  v a l u e s .  For i n s t a n c e ,  the
s e t  of  r e a l  numbers 
would be f i n e l y  q uan t ized .
k = 1, 2,  3,
Category 2: Coarse ly  quan t ized  d a t a . Data s e t s
which c o n t a in  no more than  8 d i s t i n c t  v a lu es  such as the 
s e t  of  numbers ^ 0 ,  1, 3,  3 ,  6, 7, 1, 2 ,  4 ^  .
Category 3: Continuous d a t a . A l l  d a ta  s e t s  which
are  no t  c o a r s e l y  or  f i n e l y  q u a n t i z e d .  The r e s u l t s  o f  
any experiment  in which measurements a re  made a t  d i s c r e t e
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i n t e r v a l s  must n e c e s s a r i l y  be q u a n t i z e d .  However, i t  i s  
sometimes co n v en ien t  to  t r e a t  th e s e  r e s u l t s  as  be ing  
samplings of  a s e t  o f  numbers which may assume any va lue  
on some i n t e r v a l  of  the r e a l  l i n e ,  e . g . ,  sample r e a d ­
ings taken  of  the v o l t a g e  e ( t )  = 10 s i n  23t a t  s e v e r a l  
d i f f e r e n t  p o in t s  in  t ime.
For  purposes  of d i s c u s s i o n  a v a r i a b l e  w i l l  be s a id  to  be c o n t i n u ­
ous ,  c o a r s e ,  or  f i n e  depending on whether  the  da ta  conce rn ing  t h a t  v a r i ­
ab le  i s  c o n t in u o u s ,  c o a r s e l y ,  or  f i n e l y  q u a n t i z e d .
In  o rde r  to  model any p rocess  the  person  making the model must de­
c ide  which v a r i a b l e s  a r e  independent  ( in p u t s  and s t a t e  v a r i a b l e s ) ,  and 
which ones a r e  dependent  ( o u t p u t s ) .  I f  a l e a r n in g  machine i s  used to  
p rocess  d a t a  conce rn ing  these  v a r i a b l e s ,  no a p r i o r i  s t a t e m e n t  need be 
made conce rn ing  which s t a t e  v a r i a b l e s  and in pu ts  i n f l u e n c e  which ou tpu t s ,  
I t  may i n i t i a l l y  be assumed t h a t  a l l  independent  v a r i a b l e s  i n f l u e n c e  
a l l  dependent  v a r i a b l e s .  Once the r o l e s  o f  the v a r i a b l e s  have been 
a s s ig n e d ,  the b loc k  o f  da ta  p o in t s  must be subdiv ided  acco rd ing  to  
t ime o f  o c c u r ren c e .  That  i s  to say ,
i f  0 ( t )  i s  the ou tpu t  a t  time t
S ( t )  i s  the s t a t e  of  the p rocess  a t  time t
I ( t )  i s  the va lue  o f  the i n p u t s  a t  time t
then  the  s e t
= { o ( q > ,  S ( t p .
i s  a l l  the in fo rm a t io n  conce rn ing  the  sys tem a t  time t^  (or  a t  about  
t ime t ^ ) .  A f t e r  t h i s  grouping  has been e f f e c t e d ,  the s e t s  of  numbers
2 0
x ( t p  = | s ( t p ,  K t ^ j
O (t^ )  = 0 ( t p
and encoded to  form th e  b i n a r y  v e c t o r s
A
X ( t^ ) —►  x(tj^) = the  in p u t  a t  time t^
A
and 0 ( t ^ ) —^ - z  ( t ^ )  = the  o u tp u t  a t  time t^
r e s p e c t i v e l y .
One p o s s i b l e  encoding  procedure i s  g iven  in  Table 1 below which 
i s  s e l f - e x p l a n a t o r y .
Table  1. Binary  Encoding Scheme




(Values V^ through V^)
Use the b in a ry  numbers ze ro  through  
seven
V •000, V, • I l l1 '  ’  2 '    8
I f  the v a r i a b l e  does no t  assume e i g h t  
v a l u e s ,  s e l e c t  the  b in a ry  numbers ze ro  
through  k - 1 to  encode 
V, .
V^ through
Change a l l  v a lu e s  to  b in a ry  coded 
decimal
Vg-Hi







I f  t h i s  r e s u l t s  in too  long a word 
l e n g th ,  e . g . ,  k = 10^, a r e d u c t io n  in 
a word l e n g th  of  approx im ate ly  1/p may 







(Vp + 1 '  • • • ’ Vgp)-
(^2p + 1 ’ • • • Vgp)- 
e t c .
A v a r i a b l e  may only  be encoded in to
l e v e l s  (V.
2 1
Table 1 (Continued)
Type o f  V a r ia b l e
Continuous Quan tize  i n t o  conven ien t  s t e p s  and en-
Any v a l u e  i n  range code as f o r  f ine  q u a n t i z a t i o n .  Round
o f f  v a lu es  to c l o s e s t  q u a n t i z a t i o n  
s t e p .
Once each number in  the  da t a  s e t  i s  encoded the in p u t  and ou tpu t  
v e c t o r s  f o r  each p e r t i n e n t  i n s t a n t  of time may be formed.  For example,  
suppose a t  time t ,  the  in p u t  v a r i a b l e s  A, B, and C to  a c e r t a i n  p ro ­
ces s  a r e  to be a s s o c i a t e d  w i th  an o u tp u t  W o c c u r r in g  a t  the  same time, 
F u r t h e r  suppose t h a t  the  c l a s s  o f  each v a r i a b l e  i s  as f o l lo w s :
V a r ia b l e ___________ Class_______________Range_______________Value a t  t i
A Coarse 0 , 1 , 2 , 3 2
B Fine j k  | k  = 1, . . .  20> 
I 1
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C Continuous <0 to  4> 2.76
W Coarse 0 , 1 , 2 , 3 , 4 , 5 4
Using the  above encoding procedure  as a g u id e ,  i t  i s  seen t h a t  A is  
encoded i n t o  4 l e v e l s ,  B in to  20 l e v e l s ,  C i n t o  20 l e v e l s ,  and W 
i n t o  7 l e v e l s .  The b in a ry  r e p r e s e n t a t i o n  fo r  each v a r i a b l e  becomes:
A ( t^ )  = Oil
B( t^ )  = 01101
C ( t^ )  = 01110
W(t^)  = 101
The v a lu e  of  C ( t^ )  is  d e r iv e d  by d iv i d i n g  the i n t e r v a l  |0,  ^
i n t o  20 d i s c r e t e  l e v e l s  namely,  0 . 1 ,  0 . 2 ,  0 . 5 ,  e t c .  The v a lu e  of  C( t^ )  
i s  c l o s e s t  to 2 .7  which i s  the  f o u r t e e n t h  l e v e l .  The v e c t o r s  X( t^ )
2 2


















o ( t p  = W
This coding procedure  r e s u l t s  in  a r ea s o n ab ly  s h o r t  code v e c t o r .  I t  
has the d i sadvan tage  t h a t  the d i s t a n c e  ( th e  number o f  d i g i t s  in  which 
they d i f f e r )  between code words does n o t  in c re a s e  as the d i f f e r e n c e  in 
t h e i r  numerica l  v a lu es  i n c r e a s e s .  This p ro p e r ty  of the code makes 
p rocess ing  by use of  l e a r n i n g  machines more t e d io u s .
A more s t r a i g h t f o r w a r d  b in a ry  ass ignment f o r  which the d i s t a n c e  
between i n d i v i d u a l  v a r i a b l e s  in c re a s e s  as t h e i r  (dec imal)  d i f f e r e n c e  
in c re a s e s  may be given  by:
x ( t ^ ) ^ 2 ’ ^ 3 ’ • •• 3 ,  •••  3Y /1 LJ
L i s  the number of va lues ( l e v e l s )  which x ( t ^ )
given  l e v e l ;  say k,
e i t h e r  a . -1 0 < i  < (L -  k)1 <
1(L - k) < i  < L
or a = 1 0 < i  < k
-1 k < i  < L
This procedure  r e s u l t s  in  the  c o n s t r u c t i o n  of  f a i r l y  le ng thy  code words
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b u t  w i l l  be p r e f e r r e d  when the  number o f  l e v e l s  a v a r i a b l e  can assume 
is  sm a l l .  An example of  the a p p l i c a t i o n  of  t h i s  techn ique  w i l l  be p r e ­
se n te d  l a t e r  in t h i s  paper .
The s e l e c t i o n  o f  a l e a r n i n g  machine s u i t a b l e  f o r  p ro ces s in g  th e s e  
code v e c t o r s  proceeds  in  a s t r a i g h t f o r w a r d  manner. B a s i c a l l y ,  a l l  
l e a r n i n g  machines a r e  outgrowths  from o r i g i n a l  work done on the  b r a i n  
modeling problem by McCulloch and P i t t s  (10) .  That  i s  to  s ay ,  a l l  
l e a r n i n g  machines a re  networks o f  d e c i s i o n  elements of  vary ing  degrees  
of  complexity  i n t e r c o n n e c t e d  to  form a lo g ic  network .  The d e c i s i o n  
e lements  a r e  co n s id e re d  to  be ana logs  of  neurons  and vary  in com plex ity  
from a simply  m a j o r i t y  elemen t to  ve ry  compl ica ted  c i r c u i t s  such as the  
Neurotron  and MIND. I f  only  r e l a t i v e l y  simple d e c i s i o n  elements a re  
used ,  i t  w i l l  be p r a c t i c a l  to  s im u l a t e .  In  s i m i l a r  experiments  s imple  
w e ig h t in g  networks such as R o s e n b l a t t ' s  (13) "A" u n i t ,  the w eigh t ing  
u n i t s  used by F a r l e y  (4) and those  used by Chow (1) have been s u c c e s s ­
f u l l y  employed as e lemen ts  of  l e a r n in g  machines.  As a w eigh t ing  u n i t  
the  d e c i s i o n  element known as a th r e s h o l d  lo g i c  u n i t  (TLU) (15) r e p r e ­
s e n t s  a good compromise between f l e x i b i l i t y  and s i m p l i c i t y .
CHAPTER IV
CODE PROCESSING
The TLU may be thought of  as the c i r c u i t  which i s  shown in 








F igu re  4 .  Thresho ld  Logic Unit
In  F igu re  4 the i n p u t  v e c t o r  i s  r e p r e s e n t e d  by the s e t  of  numbers 
^ x ^  . . .  x ^ ^  and th e  w eights  ^w^ . . .  w^ ^  ^  a re  a s e t  o f  r e a l  num­








where x = x .  j = 1,  2,  . . . ,  n 
1
as above














and the  b in a ry  o u tp u t ,  z^ ,  de f ined  as
.1 < 0
(4)
The network may be t r a i n e d ,  t h a t  i s ,  i t  can " l e a r n "  to  recogn ize  a c l a s s  
of  v e c to r s  by the  simple p rocess  of  p r e s e n t i n g  a sequence o f  these  v ec ­
t o r s  (0,  1, 2 ,  . . . )  mod M which may be thought  of as o c c u r ­
r i n g  a t  d i s c r e t e  time i n t e r v a l s  i = 0 ,  1, 2 ,  3 . . .  . This sequence
of v e c t o r s  may be r e p e a t e d  as many t imes as i s  n e c e s s a ry .  As each 
x ^ ( t ^ )  i s  p r e s e n t e d  to  the  network the a c t u a l  b in a ry  o u tp u t ,  Zj^(t^) 
is  compared w i th  the d e s i r e d  b ina ry  o u tp u t ,  ( t ^ ) .  I f  these  ou tpu ts
c o i n c i d e ,  no param ete r  v a lu e s  a re  changed in the TLU. I f ,  however,  
th e re  i s  d isag reem ent  between the d e s i r e d  and a c t u a l  b in a ry  o u tp u t s ,  
then  the w eights  a r e  changed acco rd ing  to  some f ix e d  scheme which i s  
c a l l e d  a t r a i n i n g  r u l e .  Tha t  i s  to say.
w ( t  ) .  < = k ( t i ) = k  ( t i )  < 0




where a ^ ( t ^ )  is  a s c a l a r  computed a t  time ( t ^ )  which i n d i c a t e s  the 
magnitude o f  th e  c o r r e c t i o n  to  be done. The number aj^(t^) i s  depen­
dent  on the cho ice  of  a t r a i n i n g  a lg o r i th m .  S e v e ra l  r e l i a b l e  t r a i n i n g  
a lgo r i thm s  a re  a v a i l a b l e  and a l l  d i s p l a y  e s s e n t i a l l y  the same p r o p e r ­
t i e s ;  t h a t  i s ,  a l l  can be shown to  converge to  a s o l u t i o n  in a f i n i t e  
number o f  t r a i n i n g  s t e p s  prov ided  the s e t  of  v e c t o r s , i s  l i n e a r ­
ly  s e p a r a b l e  (15) .  A s e t  of  b i n a r y  v e c t o r s  i s  l i n e a r l y  s e p a ra b l e  i f  
t h e re  e x i s t s  a number T, a Boolean f u n c t i o n  f ,  c a l l e d  a t h r e s h o l d  
f u n c t i o n ,  and a s e t  o f  r e a l  numbers such t h a t
n
f ( x  ) = 1 i f  2  >
1C 1 1
= 0 i f .2 , < T
(6)
i  = 1
Some t r a i n i n g  a lgo r i thm s  which may be employed by a TLU fo l low.
R e laxa t ion  Rule
jk
" >  = - x O k '  ” >
llïïjp (7)
0 < \  < 2 
X a r b i t r a r y
This a l g o r i t h m  tends to  dec re a se  la rge  weigh ts  and may lead  to  a s o l u ­
t i o n  ^ x ^ ,  w ^  = 0 fo r  some or  a l l  x^ .  As long as z = +1 fo r  
^Xfcj > 0 t h i s  s o l u t i o n  w i l l  no t  be in  e r r o r .  N e v e r th e l e s s ,  on
some computing machines im plementa t ion  o f  t h i s  a l g o r i t h m  would be more 
cumbersome than  e i t h e r  of  the  fo l lowing  ones.
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Fixed Increment  Rule.
(7)
This a l g o r i t h m  i s  ve ry  simple to implement.  The s o l u t i o n  may tend to  
converge slowly  i f  the i n i t i a l  e r r o r  i s  l a r g e .
E r ro r  C o r r e c t io n  Rule.
(8)
(9)
The f i r s t  two r u l e s  may be combined in  concept  and the  e r r o r  c o r r e c t i o n  
r u l e  i s  the  r e s u l t .  n ^ ( t ^ )  i s  chosen as the  s m a l l e s t  i n t e g e r  which 
w i l l  s a t i s f y  (9 ) .  Thus,  i f  x^  i s  used as an in p u t  a t  time t ^  and 
a l s o  a t  time t^^  ^  and l e t t i n g
n ^C t i )
^XfcCti),
+ e




'  ^ * j k ( " i  + 1> ]  (tz)
= ( % k ( t i ) ,  w ( t ^ ) >  - nj^ (t^ )Zj^(t . )  < X j^ ( t . ) ,X j^ ( t^ )>  (13)
'  > ' k ' h >  ■ ? k ( t i )  • [  Y + (14)
and i t  i s  seen t h a t  n ^ ( t ^ )  i s  s m a l l e s t  i n t e g e r  which,  when s u b s t i ­
tu t e d  i n t o  equa t ions  (3) and (8) and employed in  the t r a i n i n g  r u l e ,  w i l l  
y i e l d  new w eigh ts  w ( t^  ^  ^) of  the magnitude and s ig n  n e c e s s a ry  to
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r e v e r s e  the  s i g n  of  the ana log  ou tp u t  o f  the TLU and produce a magni­
tude  of  t h a t  o u tp u t  a t  l e a s t  equa l  to  y.  The c o n s t a n t ,  y  , i s  some­
t imes c a l l e d  the t r a i n i n g  f a c t o r .
Using one o f  the above t r a i n i n g  a lg o r i th m s  i t  i s  p o s s i b l e  to f in d  
a s e t  of  w eigh t s  such t h a t  each  y i e l d s  the c o r re spond ing  when
i s  p r e s e n te d  a t  the  TLU t e r m i n a l s ,  p rov ided  the s e t {-k}
v e c t o r s  d e f in e d  i s  s e p a r a b l e .
Suppose one wishes  to  c l a s s i f y  a s e t  of  b in a ry  v e c t o r s  ^ x ^ ^
i n t o  L d i s t i n c t  c a t e g o r i e s .  I f  th e se  b in a ry  v e c t o r s  a re  s e p a ra b le  
then  a p a r a l l e l  connec t ion  of  s e v e r a l  TLU as shown in  F igu re  5 w i l l  
be s u f f i c i e n t  to  c l a s s i f y  the  s e t  of  v e c t o r s  ^ x ^ ^  in t o  the s e t  of
c a t e g o r i e s
Ik
TLU2k
m u n i t s
TLUkn mi
(n+ l )k
F ig u re  5
The o u tp u t  v e c t o r s  ^ z , i  = 1 ,2 ,  . . .  L need c o n t a in  only  enough 
d i g i t s  to  r e p r e s e n t  L d i s t i n c t  b in a ry  v e c t o r s ,  e . g . ,  fo r  t h r e e  c a t e ­
g o r i e s  only  two d i g i t s  would be r e q u i r e d  and any t h r e e  of  the four
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p o s s i b l e  o u tp u t  v e c t o r s  could  be u t i l i z e d  to  r e p r e s e n t  the  d e s i r e d  c a t e ­
g o r i e s .  Using t h i s  machine s t r u c t u r e  any process  or system,  about  
which e s s e n t i a l l y  n o ise  f r e e  i n fo rm a t io n  i s  a v a i l a b l e ,  i s  r e p r e s e n t a b l e  
to  a degree of  accuracy  l i m i t e d  on ly  by q u a n t i z a t i o n  e r r o r  (3, 16).
This  e r r o r  w i l l  approach ,  as  a lower bound,  the q u a n t i z a t i o n  e r r o r  i n ­
h e r e n t  in  the  i n p u t  v e c t o r  as  the  number of  TLU employed in  the  r e p r e ­
s e n t a t i o n  becomes a r b i t r a r i l y  l a r g e  (15).  The t r a i n i n g  scheme employed 
in  the  com puta t ion  o f  w eigh ts  f o r  a lo g i c  machine of  t h i s  type would 
remain the same r e g a r d l e s s  o f  the  number o f  TLU invo lved  and would be 
the same as the  one fo r  a s i n g l e  TLU.
Since t h e r e  is no gua ran tee  t h a t  the v e c to r s  encoded from da ta  
conce rn ing  a s o c i a l  p rocess  w i l l  be s e p a r a b l e ,  a l e a r n i n g  machine 
which w i l l  c l a s s i f y  n o n - s e p a ra b l e  v e c t o r s  must be b u i l t  u s ing  TLU as 
b a s i c  b u i l d i n g  b locks  (16) .  One such machine is  the m a j o r i t y  log ic  






F ig u re  6 . M a jo r i ty  Logic Machine
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A s l i g h t l y  more g e n e ra l  form o f  m a j o r i t y  l o g i c  machine may be 
used to  c l a s s i f y  b i n a r y  v e c t o r s  as b e long ing  to  one o f  L c a t e g o r i e s ,  
In  t h i s  machine a p a r a l l e l  connec t ion  o f  TLUs
a d j u s t a b l e
TLU
TLU
L c a t e g o r i e s Out­
put
D e tec ­
to r
u n i t s
f i x e d  { TLU
z " w e igh t
h + 1  = 1 weights
F ig u re  7. Matched F i l t e r  Logic Machine
is  employed as a b a s i c  p ro c e s s o r  where each TLU opera tes  on the  e n t i r e  
code word as in  F ig u re  5. As i s  shown in F ig u re  7,  the o u tp u t  of  t h i s  
ar rangement  w i l l  be an M d im ens ional  b i n a r y  v e c to r
M
(15)
An o u tpu t  code which w i l l  c l a s s i f y  z i n t o  one or  more of  the a v a i l ­
ab le  L c l a s s e s  i s  s e l e c t e d  from a s e t  of  L ve c to r s
{ v ^ \  to r e p r e s e n t  the L c l a s s e s  or  l e v e l s  (3) .
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For each v e c t o r  v^ ,  ^ z ,  i s  computed and the  c l a s s i f i c a t i o n  i s
de termined  by the r e l a t i o n
L = ^ i  j ^ z ,  i s  a maximum; i  = 1, 2,  L.^ (16)
I f  t h e r e  i s  no unique maximum L i s  chosen as the  s m a l l e s t  va lue  of  
i  which makes ^ z ,  v^^  a maximum. Since  th e  f i r s t  l a y e r  ou tpu t  is  
matched a g a i n s t  a c l a s s  v e c t o r  t h i s  machine i s  o f t e n  c a l l e d  a " tem pla te  
ma tching"  o r  Matched F i l t e r  Logic Machine.
I f  the  number of  TLU i s  chosen so t h a t  M > L then  some t o l e r ­
ance i s  al lowed in  t h a t  z need no t  e x a c t l y  match v^ to  produce 
a c l a s s i f i c a t i o n  i n t o  l e v e l  i  bu t  must  only be c l o s e r  to  v^ than 
to  any o f  the o t h e r  o u tp u t  code v e c t o r s .  S ince  bo th  z and v^ a re  
b in a ry  v e c t o r s ,  max ^ z ,  v ^ ^  w i l l  occur  fo r  the  code v e c t o r  v^ 
which d i f f e r s  from z by the  l e a s t  number o f  d i g i t s .  Depending on 
the weight  one wishes  to* p la ce  on miss d i s t a n c e  t h e s e  o u tpu t  codes may 
be chosen in  a number of  ways. For example,  i f  no d i s t i n c t i o n  i s  made 
between m i s c l a s s i f y i n g  a v e c t o r  by one l e v e l  and m i s c l a s s i f y i n g  i t  by ,  
s ay ,  ten  l e v e l s  an o u tpu t  code may be used where the  code v e c t o r  f c r  a 
c e r t a i n  l e v e l  i s  e q u i d i s t a n t  from the code v e c t o r s  f o r  a l l  o th e r  l e v e l s .  
For t h i s  purpose a code such as a Hamming e r r o r  c o r r e c t i n g  code cou ld  
be used (12).  I f ,  on the o th e r  hand,  one wishes  to  make some d i s t i n c ­
t i o n  between m i s c l a s s i f y i n g  a v e c t o r  by one l e v e l  as opposed t o ,  s ay ,  
s i x  l e v e l s  an "x + y" code could be dev ised  where a d j a c e n t  c l a s s e s  
were r e p re s e n t e d  by code words d i f f e r i n g  by x d i g i t s ,  those  once 
removed from each o th e r  by x + y d i g i t s ,  those  twice removed by 
X + 2y d i g i t s ,  e t c . ,  f o r  a l l  code words.  Table 3 shows a r e p r e s e n t a ­
t i v e  sample of  t h e s e  codes s u i t a b l e  f o r  r e p r e s e n t i n g  th r e e  l e v e l s .  For
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c l a r i t y  -1 i s  r e p la c e d  by ze ro .
Table 3. Typ ica l  Output Codes ^ i
Level E q u i d i s t a n t  code 3 + 3  code 5 + 1  code
1 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 1 1 1 0  0 1 1 1 0  0 0 1 1 1 1 1 0  0 0
3 , 1 0  0 1 1 1 1 1 1 1 1 1 1 1 0  0 1 1 1
Using the  s e l e c t e d  code the weights  of  the  second l a y e r  of  TLUs
tVi "a r e  f i x e d  so t h a t  the w eigh ts  f o r  the i  TLU a re  ( the  zeros  in
the  t a b l e  being  r e p la c e d  by - 1 ) .  Since the  in p u t  to  the  second la ye r  
i s  z the  o u tp u t  v e c t o r  w i l l  be the s e t  of  i n t e g e r s  j ^ z , v ^ ^  and the 
c l a s s i f i c a t i o n  o f  the in p u t  v e c t o r  may be made by s e l e c t i n g  the v a lu e  
o f  i  co r respond ing  to  the l a r g e s t  number in t h i s  s e t .  Ties a r e  r e ­
so lved  as p r e v io u s ly  d e s c r ib e d .
With the MFL machine shown in F ig u re  7, the fo l low ing  t r a i n i n g  
p rocedure  i s  used .  The a d j u s t a b l e  weights  a r e  i n i t i a l l y  s e t  eq u a l  to  
some c o n s t a n t ,  say  +0 or  +1, and the f i r s t  in p u t  v e c t o r  i s  p re s e n te d .  
I f  the c l a s s i f i c a t i o n  i s  c o r r e c t ,  no changes a re  made and the nex t  i n ­
pu t  v e c t o r  i s  p r e s e n te d .  Suppose,  however,  t h a t  the  c o r r e c t  ca tego ry  
i s  ca t e g o ry  i  and t h a t  the  c l a s s i f i c a t i o n  o f  the i n p u t  v e c t o r  i s  i n ­
c o r r e c t .  That  i s  to  s ay ,  the  machine c l a s s i f i e s  t h i s  p a r t i c u l a r  inpu t  
v e c t o r  as  ca t e g o ry  j .  Then some of  the components of  z d i f f e r  from 
the  co r respond ing  components of  v^.  The number t h a t  d i f f e r  be ing  the 
d i s t a n c e ,  d ,  between z and v^.  The responses  of  some of  the c o r ­
responding  d t h r e s h o l d  log ic  u n i t s  must then be r e v e r s e d  to  b r in g  
z c l o s e r  to  v^.  One t r a i n i n g  r u l e  which may be used i s  t h a t  the
33
number o f  u n i t s  to  be c o r r e c t e d ,  d ' , i s  taken  to be the s m a l l e s t  i n t e ­
ger  g r e a t e r  than o r  equa l  to  dp
d '  = (dp] 0 < p < 1 (17)
where the  number p i s  an e x p e r im e n ta l ly  determined f r a c t i o n .  I f ,  f o r  
example,  p = %, then roughly  % of  the  i n c o r r e c t l y  responding  f i r s t  
l a y e r  t h r e s h o l d  lo g i c  u n i t s  would be c o r r e c t e d .  The p a r t i c u l a r  d ' 
u n i t s  t h a t  a re  to be c o r r e c t e d  a re  those  i n c o r r e c t l y  responding  u n i t s  
whose ana log  sums are  c l o s e s t  to  0. I f  a l l  ana log  sums are  equa l  no 
p r e f e r e n c e  w i l l  be shown and the u n i t s  w i l l  be c o r r e c t e d  as they are 
found to  be i n c o r r e c t  u n t i l  the proper  numbers have been c o r r e c t e d .  




0 i f  (d - D) < 0
where D i s  an e x p e r im e n ta l ly  determined i n t e g e r ,  u s u a l l y  a smal l  f r a c ­
t i o n  of  M. Once aga in  the p a r t i c u l a r  d ' u n i t s  t h a t  a re  c o r r e c t e d  
a r e  those  i n c o r r e c t l y  re sponding  f i r s t  l a y e r  t h r e s h o l d  log ic  u n i t s  
whose ana log  sums a re  c l o s e s t  to  ze ro .  In p r a c t i c e ,  i t  i s  wise to  al low 
the  c o n s t a n t  D o r  p to  decrease  in  va lue  as t r a i n i n g  p ro g re s se s  so 
t h a t  o v e r c o r r e c t i o n  does n o t  take  p la ce  and some c o r r e c t  responses  a re  
e r a s e d .  I t  i s  g e n e r a l l y  a good idea to  keep a runn ing  t a l l y  of  the 
average  number of  misses  so t h a t  the se  c o n s ta n t s  may be changed i f  
n e c e s s a r y .  In  c o r r e c t i n g  each i n d i v i d u a l  TLU, any of  the p re v io u s ly  
mentioned t r a i n i n g  a lgo r i thm s  may be used.  In  the  experiments desc r ibe d  
l a t e r  in  t h i s  pape r ,  the  e r r o r  c o r r e c t i o n  r u l e  was used to  a d j u s t  
w eigh ts  of  each th r e s h o l d  log ic  u n i t .  This r u l e  i s  given by e qua t ion
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(9) which,  f o r  b i n a r y  v e c t o r s ,  e qua t ion  reduces  to
(19)
num-where i s  the  ana log  sum of  the  TLU i n  q u e s t i o n ,  and n i s  the
he r  of  d i g i t s  i n  the b ina ry  v e c t o r .  This  form of  the e r r o r  c o r r e c t i o n  
r u l e  i s  th e  form t h a t  was used to  c o r r e c t  each TLU in  the experiments  
d e s c r ib e d  l a t e r  in  t h i s  paper .
CHAPTER V 
A DECODING EXAMPLE
When code words a re  c l a s s i f i e d  by th e  use of  a MFL machine some 
i n s i g h t  as to  the  r e l a t i v e  impor tance or  r e l e v a n c e  o f  each d i g i t  in  the
in p u t  code may be gained  by exam ina t ion  of  the weigh ts  c o r re s p o n d in g  to
each d i g i t  by the  MFL o p e r a t o r .
This  remark may perhaps be b e s t  i l l u s t r a t e d  w i th  a sm a l l  example.
Suppose t h a t  a s e t  of seven v e c t o r s  a r e  to  be used to t r a i n  a machine 
to  decode a l a r g e r  s e t  of  32 v e c t o r s  i n t o  one of  t h r e e  c l a s s e s .
The seven v e c t o r s  to  be used a r e :
( r e p l a c i n g  -1 by ze ro  f o r  c l a r i t y )
1— • — m — ^ — f* f  -
1 1 1 0
0 1 1 1
= 1 = 1 X. = 1 x„ = 1 12 30 1 1 1
0 1 1 1
'o' '  l" ’ l ”
0 1 0
= 0 *6 ^7 00 1 1 1






The o u tp u t  c l a s s  code v e c t o r s  f o r  t h i s  s e t  a r e  the 1 + 1  code 
s p e c i f i e d  by
( 1 )  =  =
r -1 0 -1 0
(2) = Vg = (3) = Vg =
1_ _ 1_ _1_ _-l_ -0.
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The seven t r a i n i n g  v e c t o r s  a re  known to  cor respond  to  o u tp u t  l e v e l  
1, 2, or  3 as l i s t e d  i n  Table 4.












There i s  no s p e c i a l  s i g n i f i c a n c e  a t t a c h e d  he re  ( in  the  l a r g e r  sense )  t o  
e i t h e r  the in p u t  o r  o u tp u t  code book. The cho ice  o f  both  in p u t  and o u t ­
pu t  v e c t o r s  was made f o r  p u re ly  p r a c t i c a l  r e a s o n s ,  i . e . ,  they  a r e  s h o r t .
The s t r u c t u r e  of  the MFL machine to  be used f o r  c l a s s i f i c a t i o n  i s  
then as shown below.
X 2
X TLU3 Max
ClassD e te c to r
TLU
Figure  8 . MFL Machine fo r  Example 1
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where the  f i x e d  w eigh t s  of  the  second l a y e r  TLUs a r e  v^ ,  and 
r e s p e c t i v e l y .  For t h i s  p a r t i c u l a r  example l e t  p = 0 , 5 ,  \  = 5 and
a l l  i n i t i a l  w e ig h t s  be +1. The i n p u t  v e c t o r  o c c u r r i n g  a t  t ime t ^  w i l l  
be denoted  by
%(t^ )  =
X l ( t i )
X jC t . )
X jC t i )
+1
and the w eigh t s  a t  t ime t ^  w i l l  be
w ( t ^ )  =
w ^ ( t .) 
4
fo r  TLU #1
and s i m i l a r l y  u s in g  a s u p e r s c r i p t  2 f o r  TLU #2.  The s u p e r s c r i p t  and 
s u b s c r i p t  n o t a t i o n s  w i l l  a l s o  be c o n s i s t e n t l y  c a r r i e d  o u t  to  deno te  
analog  sums and components o f  the  z v e c t o r  r e l a t i n g  t o  each TLU. 
x ( t ^ )  = x^ ;  x ( t ^ )  = Xg and i f  more than  seven words a r e  needed in
t r a i n i n g  x ( t g )  = x^ ;  x ( t g )  = Xg, e t c .  so t h a t  the code book w i l l  be 
c y c l i c  w i th  p e r io d  7, and w i l l  i n i t i a l l y  s t a r t  w i th  the code word p r e ­
v i o u s l y  denoted  as x^ w i th  the a d d i t i o n  of  +1. Throughout -1 w i l l  
be r e p l a c e d  by ze ro  f o r  th e  sake of  c l a r i t y .
The r e s u l t s  o f  each  decoding and t r a i n i n g  o p e r a t i o n  w i l l  now be
shown.





1 w ^( t  ) = the  w eigh t  v e c t o r  f o r  =






L TLU #1 f o r  time ( t^ ) 1
1
1
w ( t ^ )  = th e  w eigh t  v e c t o r  =
f o r  TLU #2 fo r  
time ( t^ )
y ^ ( t . )  = t h e  ana log  o u tp u t  of  = ^ x ( t - ) ,  w ( t . ) ^  
TLU #1 a t  time tj^ ^
y ^ ( t ^ )  = th e  ana log  o u tp u t  o f  = ^ x ( t - ) ,  w ^ ( t ^ ) ^  
TLU #2 a t  time t^
=  0
=  0
z ( t . )  = th e  b in a ry  o u tp u t  of  = +1
TLU #1 a t  time t^
t h e  b in a ry  o u tp u t  o f  = +1
TLU #2 a t  time t .'1
and / z ,  V = +2
^  =  0
=  -2
fo r  i  
fo r  i  




i s  maximum f o r  i  = 1 
so c l a s s  i s  1. S in ce ,  from Table 4 ,  1 i s  the d e s i r e d  c l a s s  no c o r r e c t i o n  
i s  n e c e s s a r y .
S i m i l a r l y ,







xC | )  = Xg “ 1
1
W ( tg )  = 1
1
1
W ( tg )  “ 1
1
_1_ _1_
y ^ ( t - )  = +6 z ^ ( t_ )  = +1
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^ z ( t g ) , i s  max f o r  1 = 1. There fore  c l a s s  i s  c o r r e c t  and no
c o r r e c t i o n  i s  nece ssa ry .
x( t3> =
"0 ' 1
1 _1 1 _2 1 y
1
1
W ( tg )  = 1
1







i s max f o r  i = 1 which i s wrong.
Some c o r r e c t i o n  must now take  p l a c e .  There i s  one i n c o r r e c t  TLU and i t  
must be c o r r e c t e d  s in c e  p x 1 = 0 .5  and the s m a l l e s t  i n t e g r a l  number 
o f  TLU g r e a t e r  than t h i s  must be c o r r e c t e d .  T h e re fo re ,  f o r  TLU #1
Ï I + Y
n ( t_ )  = c o r r e c t i o n  f a c t o r  for
TLU #1 a t  time t ^  ( e q . l 9 ) M + 1
— ^  ^  1 1  —
Remembering eq.  ( 5 ) ,  w ( t^ )  = w ( t^ )  - z ( t g ) n  ( t 2) x ( t g )
= w^Ctg) - z ^ ( t ^ )  n ^ ( t g )  x^(tg^
n l ( t g )  x ^ ( t g )
the  new w e igh ts  a re
1 - (1) X 2 X (-1)  = 3
* 2 (^4 ) “ * 3 (^4 ) = «4 (^4 ) 1 - (1) X (2) X (1) = -1
Wg(t^) = 1 - 1 X 2 X (+1) = -1
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t h e r e f o r e  the  r e s u l t i n g  new w e igh t  v e c t o r  f o r  TLU #1 i s
w ( t ^ )  =
H e r e a f t e r  th e  r e s u l t s  w i l l  be more b r i e f l y  summarized and the r e s u l t  of 
each c o r r e c t i o n  w i l l  appea r  as the new w eigh t  v e c t o r  f o r  the succeed­
ing code word.
The n e x t  code word i s  now p re s e n te d  to the MFL machine and














y ^ ( t , )  = +6 z ^ ( t , )  = +1
4^)y^(t/,) = -2 z^(t^) = -1
^ z ( t ^ ) > ^  i s  max f o r  b o th  i  = 1 and i  = 3 both  of  which a r e  i n ­
c o r r e c t  c l a s s e s .  Both TLU a re  wrong bu t  s in c e  p x 2 = 1 only  TLU #2
2w i l l  be c o r r e c t e d  ( s in c e  y ( t ^ )  i s  c l o s e s t  to ze ro )  w i th







y^(tc) = 0 z^Ct.) = +1
pn
W (tg) = W ( t g )  = D D
V
0
_ i_ _ 3_
y^(tg) = +4 z f ( t g )  = +1
^  z ( t g ) , i s  max f o r  i  = 1. T he re fo re  TLU #1 i s  c o r r e c t e d  w i th
I  - - IH " 1
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x ( t g )  =  X g  =
'o" ”4" " 3"
1 _1 0 _2 -1
0 W ( t g )  = 0 w  ( tg )  = -1
1 0 -1
0 0 -1
_1. _2_ L 3_
y ^ ( t ^ )  = -2 z ^ ( t ^ )  = -1
y ^ ( t g )  = 0 z ^ ( t g )  = +1
^ z ( t g ) ,  ^  i s  max f o r  e i t h e r  i  = 1 or  i  = 3 and so i s  c l a s s i f i e d
as c l a s s  1 which i s  an e r r o r .  Since TLU #2 i s  in  e r r o r  i t  w i l l  be c o r ­
r e c t e d  w i th
1 = n ( tg )
= r ti
x ( t ^ )  = X^ =
" 1' 4 4"
0 _1 0 _2 0
0
1
W ( t y )  = 0
0




y ( t ^ )  = +6 z ( t ^ )  = +1
y ( t  ) = +7 z ( t  ) = +1
^  z ( t y )  , i s  max f o r  Vj^  = v^ .  TLU #1 w i l l  be c o r r e c t e d  w i th
2 =
x ( t g )  = Xi =
' l “ 2 4





w ( tg )  = 2
0
0 -2 2
-1 . 0 _ 3
y ^ ( t g )  = +6 z ^ ( t g )  = +1
y^(tg) = +7 z^(tg) = +1
^  z ( t g ) ,  i s  max f o r  i  = 1. T h e re fo re  no c o r r e c t i o n  i s  n e c e s s a r y .
~ o~\ r  L
1 , .  \
1 2 4 1
1 _1 2 _2 0 y ( t g )  = +2
x ( t g )  = x% = 1
1
W ( t g )  = 2
-2
W ( t g )  = 2
0 2
1 -2 2 y ( t g )  = +9
1 . 0 .
^ z ( t g ) ,  i s  max f o r  i  = 1 so no c o r r e c t i o n  i s  n e c e s s a r y .
x ( t i o >  = *3 =
' o ' 2 4
1 1 2 _2 0
1
1
»  ( t i „ )  - 2
-2




y ( t^ q )  = -2 z ( t i n )  = -110"
y ( t i g )  = +3 Z ( t i n )  =  + 110 "
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i s  max fo r  1 = 2  so no c o r r e c t i o n  i s  n e c e s s a ry .
x ( t l l )  = %4 =
1 2 4
0 _1 2 2 0




y ^ t , . ) = + 3  z ^ t , - ) = + l11 '  ' 1 1  
< / z ( t ^ ^ y ,  i s  max fo r  i  = 1 so TLU #1 i s  c o r r e c t e d  w i th
2 -  = [H i]
12^
0 ' 0 " 4
0 1 4 2 0




y (c^g) = -6 z ( t i g )  = -112 '
y ( t^ g )  = -5 z ( t^g )  = -1 
























y ^ ( t i3 >  = -2 z^Xt ig )  = -1
y ^ t ^ 3 >  = -5 z ^ t ^ 3 >  = -1
^  z ( t ^ 3) , i s  max fo r  i  = 3 so no c o r r e c t i o n  i s  n e c e s s a ry .
x ( t i ^ )  = X? =
1 0 4 ”
0 1 4 _2 0




y l ( t ^ ^ )  = -10 z \ t ^ ^ ) = - l
y ^ ( t l 4 )  = +7 z ^ ( t ^ ^ )  = +1
< ^ z ( t ^ ^ ) ,  ^  i s  max f o r  i  = 2 so no c o r r e c t i o n  i s  n e c e ss a ry .























y^(t^3> = +2 z^Xt^g) = +1
y ^ ( t i g )  = +7 z^Xt^g) = +1
( ( z C t ^ g ) ,  i s  max f o r  i  = 1  so no c o r r e c t i o n  i s  n e c e s s a ry .
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x ( t i e )  = %2 =
* 1 "  o ' ' 4 '
1 _ 1 4 _ 2 0 y ^ t j ^ )  =  + 6 =  + 1
1
1
W ( t i g )  = 4
0








y ^ V  =  + u =  + 1
^ z C t i ô ) ,  i s  max f o r  1 = 1 so  no c o r r e c t i o n  i s  n e c e s s a ry .
x(Ciy )  = Xg =
“ l " '  o ' 4 "
1 _ 1 4 2 0
1
1
w  ( t i , )  = 4
0
W ( C 1 7 )  - 2
0
1 0 2
1 - 2 3
y^CCi?) =
y ^ ( t i y )  = +3
=  +1
=  +1
< ^ z ( t^ ^ ) ,  i s  max f o r  i  = 1 so  TLU #1 must be c o r r e c t e d  w i th
x ( t i g )  -  x^
" l “ '  2" " 4"
0 _1 2 2 0
0
0
w ( t i g )  = 2




-1 - _-4_ _3_
y (t^g) = -2 z (t,o) = -118'
y (c^g) ^ z (t,o) = +218'
^ z ( t i 8 ) >  i s  max fo r  i  = 2 so c l a s s i f i c a t i o n  i s  c o r r e c t .
xC t fç )  » Xg
' o '
0 _ 1
"  2 ~
2 _ 2
- 4 -




w  ( t i g )  = 2
- 2





_ - 4 _
2
3





<\Z ( t^ g ) :  Vj  ^^  i s  max fo r  i  -  3 so c l a s s i f i c a t i o n  i s  c o r r e c t .
*  *6
0 '  2 ' ' 4 '
1 2 _ 2 0
0
1
w  ( t 2 „ )  - 2
- 2
W ( t g g )  = 2
0
0 - 2 2
1 - 4 3
y \ t 2 o )  “ -6 = -1
y^tjo) - -5 - -1
^ z ( t 2 o)> 1  ^  ™&x f o r  i  = 3 so c l a s s i f i c a t i o n  i s  c o r r e c t .
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x ( t 2 ^) “ Xy
1 2 4





»  ( t 2 j )  * 2
0
1 -2 2
- 1 - _-4_ _3_







0 y \ t 22> = +2 z (t22> = +1






2 y ^ t2 2 >  = +7 z ^ t2 2 > = +1
_-4_ _3_
^ z ( t 22 )» i s  max f o r  1 = 1  so c l a s s i f i c a t i o n  i s  c o r r e c t .
x(t23> = Xz
' l “ ”  2“ "4 "
1 _ i 2 _2 0




y ^ t 2 3 >  = -2 z^( t23> = -1
y^CCgg) ="^1 Z^(t23)  ^
^ z ( t „ . j ) ,  V. ^  i s  max f o r  1 = 2 so TLU #1 i s  c o r r e c t e d  w i th





















y (^24.) = +2 z ( t , ^ )  = +124"
y ( t z 4 ) = +3 z ' C t , , )  = +124"
^ z ( t z ^ ) ,  i s  max f o r  1 = 2 so TLU #1 i s  c o r r e c t e d  w i th
2 -









W ( tz 5 )  = 2
-2




y (C25) = +2 z " ( t „ )  = +125"
y (C25 ) = +3 Z ( t , s )  “ +125"
<^ z( t2 g ) ,  i s  max f o r  1 = 1 so TLU #1 i s  c o r r e c t e d  w i th
2 = n ( tzg )  = w
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^ z ( t 26)> i s  max f o r  1 = 3 so  c l a s s i f i c a t i o n  i s  c o r r e c t .
0 ” 4 "4" 1
1 1 4 2 0 y ( t g , )  =-10 
y ^ C tg , )  = -5
















^ z C t ^ y ) ,  i s  max fo r  1 = 3 so c l a s s i f i c a t i o n  i s  c o r r e c t .























y ( tgg )  -  -2  z ( tgg)
y ^ t 2 8 >  = +1 z^CCgg)
=  -1
=  +1
<z ( t „ _ ) ,  V, ^  i s  max f o r  1 = 3 so  c l a s s i f i c a t i o n  i s  c o r r e c t .  28 1
x( t29>  = =
1 4 4
0 _1 4 _2 0
1 “  ( t 2 , )  ■ 4 W ( tg g )  = 20 0 0
0 0 2
_1_ _-6_ _3_
y^CCgg) = -2 z ^ ( t o o )  = -1
^ ^ ( ^ 29 ) "  z ^ ( t , o ) = + l
29'
'29^
^ z ( t 2ç ) j  ^  i s  max f o r  1 = 3 so  TLU #1 i s  c o r r e c t e d  w i th
x ( t 3 o )  = %2 w ( t , o )
2 = n^Ctgg) ‘ 1









y \ t 3 o >  •  -% .  +1
( /z C tg g ) ,  i s  max f o r  1 = 3  so  no c o r r e c t i o n  i s  n e c e s s a r y .
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x ( t 3 i> = X3
■q '  6” 4
1 _1 2 2 0




-  -6 = -1
y ^ t s i )  = +3 z^C tg i )  = +1
< / z ( t 3^ ) ,  i s  max f o r  1 = 2 so no c o r r e c t i o n  i s  n e c e s s a ry
x( t32> -  X,
1 6 4
0 _1 2 _2 0
0
0
w (t32> = 6
-2




y^CCgg) "  ® -1
y ^ ( t 3 2 > = + 3  Z ^ ( t 32> = +1
^*^*"32^* i  = 2 so no c o r r e c t i o n  i s  n e c e s s a ry .
x ( t 33> = X5
0 " 6" 4









y ^ X t g g )  =-14  2 ^ ( 1 3 3 )  =  - 1
y ^ t 3 3 > = - 5  z ^ t 3 3 >  =  - 1
< / z ( t 33) ,  V ^  i s  max f o r  i  = 3 so no c o r r e c t i o n  i s  n ece s s a ry .
x ( t 3 ^ )  = Xg
x( t35> = Xy =
"o" ”  e“ "4
1 1 2 _2 0
0
1
W ( [ 34) = 6
-2
w ( tg^ )  = 2
0
0 -2 2
L i . - 4 . _3_
i s  max fo r i  = 3 so no correc
“ 1” "  e ’ "4 '
0 1 2 2 0
0
1
w ( t g , )  . 6
-2




y^CC]^) =-14 2 ^ ( 134) = -1
-  -5 z ^ t „ )  -  -1'34'
y^(t33> =-10 2^(t33> = -1
y^(t35> = +7 = +1
<^2 (^ 3 3 ) ,  i s  max f o r  i  = 3 so no c o r r e c t i o n  i s  n ece ss a ry .
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’ l " " 6" 4
0 1 2 _2 0
1
0
w (C;*) = 6
-2




y ' ( t 3 j ) - + 1 0  z ' c t ; ; ) +1
y ^ t 3 g ) = + 7  z ^ C t g * )  -  + 1
i s  max f o r  1 = 1 so no c o r r e c t i o n  Is  n e c e ss a ry .
The e n t i r e  code book has now been decoded w i thou t  e r r o r  and the 




6 w = 2
-2 0
-2 2
-4 _ 3 _
Some I n t e r e s t i n g  remarks can be made about  the r e l a t i v e  Importance of
each code d i g i t .  I f  one Ignores  the  l a s t  w e igh t  d i g i t  (which p e r t a i n s
to  the  +1 tag  and n o t  to  the  o r i g i n a l  code word proper )  and I n v e s t l -
_1 _2
g a te s  the  r e l a t i v e  Importance p la ced  on each code d i g i t  by w and w 
the  fo l low ing  t a b l e  Is  one p o s s i b l e  r e s u l t .
w
w
ave .w t .
















5 th  d i g i t  
- 2  
2 
0
The r e a d e r  w i l l  n o t i c e  t h a t  I f  the numbers a s s o c i a t e d  w i th  the  +1 
tags  a r e  appended to  the v e c t o r  d e s c r ib e d  by the " a v e . w t . "  row In  the  










a l s o  a r e  a s e t  o f  weight  v e c t o r s  which w i l l  p ro p e r ly  decode a l l  o f  th e  
i n p u t  code words.  Although t h i s  p r o p e r t y  holds  f o r  t h i s  p a r t i c u l a r  
s e t  o f  code words i t  may or  may n o t  ho ld  f o r  a n o th e r  more complex 
s e t  o f  code words.
The r e a d e r  has a l r e a d y ,  no doub t ,  n o t i c e d  t h a t  the  g e n e ra l  
p r o p e r t y  of  the  code book,  i . e . ,  t h a t  the  c l a s s i f i c a t i o n  of  the  code 
i s  acc o rd in g  t o  the number o f  ones i n  the  f i r s t  and t h i r d  d i g i t s  of  th e  
code word,  i s  i n d i c a t e d  by the  average  r e l a t i v e  w e ig h t s .  This  o b s e rv a ­
t i o n  may s e rve  as  an i l l u s t r a t i o n  o f  the use o f  MFL machines to  d e t e r ­
mine the  r e l a t i v e  importance o f  each  o f  the v a r i a b l e s  which go to 
make up the i n p u t  code w o rd s .
CHAPTER VI 
A SOCIAL SYSTEM MODEL: ROBBERS CAVE
As an example o f  th e  a p p l i c a t io n  o f  l e a r n in g  machines to  the  
s o c i a l  system  s im u la t io n  problem , a modeling s tu d y  o f  the  c l a s s i c  
"Robbers Cave Experim ent" (14) has been conduc ted . The Robbers Cave 
Experiment was chosen f o r  s e v e r a l  r e a s o n s .  F i r s t ,  i t  c o n ta in e d  (as 
n e a r ly  as p o s s ib le )  a l l  a v a i l a b l e  in fo rm a t io n  about a g iven  s o c i a l  
system  over i t s  com plete  h i s t o r y .  In  t h i s  in s ta n c e  the  system  i s  de­
f in e d  to  c o n s i s t  o f  two groups o f  sm a l l  boys a lo n g  w ith  t h e i r  i n t e r ­
a c t i o n s .  Second, g r e a t  pa ins  were tak en  to  in s u re  p r e c i s io n  in  
measurement o f  r e l e v a n t  v a r i a b l e s  and t h i r d ,  th e  system  s iz e  was sm all  
enough to  be amenable to  s im u la t io n  w i th  a re a so n a b ly  sm all  computing 
machine. The s e c t i o n s  to  fo llow  w i l l  d is c u s s  in  d e t a i l  th e  techn ique  
used in  th e  s im u la t io n  s tu d y  o f  t h i s  ex p er im en t .
The Robbers Cave Experim ent was concerned  w ith  th e  i n t e r a c t i o n  
o f  two groups o f  young boys p laced  in  v a r io u s  c o m p e ti t iv e  and co o p era ­
t i v e  s i t u a t i o n s  which " n a t u r a l l y "  a ro s e  in  a summer camp environm ent.
As a beg inn ing  s t e p  i t  was n e c e s sa ry  to  e x t r a c t  a l l  of th e  p e r t i ­
nen t  in fo rm a t io n  abou t th e  two groups to  be s im u la te d  and a rran g e  i t  
in  a form s u i t a b l e  f o r  coding  in to  a form re c o g n iz a b le  by a d i g i t a l  
com puter. With t h i s  end in  mind, th e  r e p o r t  o f  th e  experim en t was 
ana lyzed  in  d e t a i l  f o r  c o n te n t .  The c o n te n t  a n a ly s i s  was examined fo r
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I n d ic a t io n  o f  in p u t - o u tp u t  r e l a t i o n s h i p s  p e r t i n e n t  t o  the  ex p e r im e n ta l  
b eh av io r  o f  e i t h e r  group. The f i n a l  a n a l y s i s  o f  the  experim en t i s  con­
t a in e d  in  Appendix A.
Once t h i s  l i s t  was reduced  to  i t s  f i n a l  form, th e  dependent and 
independent v a r i a b l e s  were s e le c te d  and s c a le  v a lu e s  were a s s ig n e d  on 
the  b a s i s  o f  in fo rm a tio n  c o n ta in e d  in  th e  o r i g i n a l  r e p o r t .  This s e l e c ­
t i o n  of v a r i a b l e s  and ass ignm ent of v a lu e s  was done by the  a u th o r  in  
c o n c e r t  w i th  Dr. J .  D. Palmer and Dr. R. A. T e r ry .  This was done to  
minimize any b ia s  an in d i v id u a l  might u n c o n sc io u s ly  in t ro d u c e  in to  
v a r i a b le  s e l e c t i o n  and e v a lu a t io n  and thus  to  a r r i v e  a t  a rea so n ab le  
e s t im a te  o f  what th e  im p o r tan t  param eters  in  the  experim en t were.
Table 5 g iv e s  a l i s t  o f  the  dependent and independen t v a r i a b l e s .
Table 5. V a r ia b le D e f in i t io n s
Independent Dependent
(1) goal type
(2) goal v a lu e  to  group (1) f r u s t r a t i o n  l e v e l of group
(3) number of tim es in  s u c c e s s io n  
some g o a l  has o ccu rred
(2) a t t i t u d e  o f  group 
o th e r  group
toward
(4) was go a l  a t t a in e d ? (3) m orale  o f  group
(5) was o th e r  group p r e s e n t? (4) s o l i d i t y  o f  group s t r u c t u r e
The v a r i a b l e s  " a t t i t u d e " ,  "m ora le" ,  and " s t r u c t u r e "  were s p e c i f i c a l l y  
mentioned as v a r i a b l e s  in  th e  o r i g i n a l  exp er im en t .  The v a r i a b l e  
" f r u s t r a t i o n "  was im p lied  to  e x i s t  in  the  e x p e r im e n ta l  d e f i n i t i o n  of 
the  o th e r  v a r i a b l e s  and so was in c lu d ed  in  the  l i s t  o f  dependen t v a r i ­
a b l e s .  At the  o u t s e t  f r u s t r a t i o n  was assumed to  depend on a l l  o f  the
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independent v a r i a b l e s  and a l s o  on i t s  own p rev ious  v a lu e .  A t t i t u d e ,  
m ora le ,  and s t r u c t u r e  were assumed to  depend on a l l  of th e  indepen ­
d en t v a r i a b l e s  and a p a s t  average v a lu e  o f  a t t i t u d e ,  m ora le ,  and 
s t r u c t u r e  r e s p e c t i v e l y .  S ince  p ro c e s s in g  w ith  a p a t t e r n  r e c o g n i t io n  
machine w i l l  y i e ld  r e l a t i v e  w e ig h ts ,  no a p r i o r i  assum ptions were 
made re g a rd in g  th e  r e l a t i v e  in f lu e n c e  e x e r te d  on each dependent v a r i ­
a b le  by each  independent v a r i a b l e .
Based on the in fo rm a tio n  a v a i l a b l e ,  the  v a lu es  o f  v a r i a b le s  
" f r u s t r a t i o n "  and " a t t i t u d e "  were a s s ig n e d  one o f  f iv e  d i f f e r e n t  l e v e ls  
and v a lu e s  o f  the  v a r i a b le s  "m orale" and " s t r u c t u r e "  were a s s ig n ed  one 
o f  th re e  d i f f e r e n t  l e v e l s .  Table 6 , shown on fo l lo w in g  page , i s  a 
summary o f  a l l  v a r i a b le  c l a s s  and numeric value  ass ig n m en ts .
The r e a d e r  w i l l  n o t i c e  t h a t  a l l  of  the  v a r i a b l e s  l i s t e d  as in d e ­
pendent v a r i a b l e s  a re  q u a n t i t i e s  which were under th e  c o n t r o l  o f  th e  
e x p er im en te r  a t  the  time o f  the experim en t.  In  some in s ta n c e s  the 
v a lue  range which v a r i a b l e s  should  cover was obvious from th e  c o n te x t  
o f  the exp erim en t ,  e . g . ,  "p re se n c e " .  In  most in s ta n c e s  the  range o f  
va lues  f o r  each v a r i a b l e  was d e r iv e d  from the  " p o s s ib le  c l a s s e s "  i n ­
fo rm ation  in  T ab le  6.
Once the  range of v a lu es  f o r  each  v a r i a b l e  was f ix e d  each s i t u ­
a t io n  in  th e  Appendix A was examined as a p o s s ib le  c a n d id a te  f o r  the  
fo rm ation  o f  a s i t u a t i o n  v e c t o r .  For each s i t u a t i o n  where a v a lue  
could  be de term ined  f o r  a l l  o f  the p r e v io u s ly  d e s ig n a te d  independent 
v a r i a b l e s ,  an a t tem p t was made to  deduce a v a lu e  o f  a l l  o f  th e  depen­
den t v a r i a b l e s .  I f  a v a lu e  was found f o r  a l e a s t  one o f  the  dependent 
v a r i a b le s  then  the  s i t u a t i o n  was g iven  a s i t u a t i o n  number and inc luded
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Table 6. C lass  Assignments
V a r ia b le P o s s ib le  C la ss e s Numeric Value
goa l type c o m p e ti t iv e 3
( independen t) n e u t r a l 2
c o o p e ra t iv e 1
g o a l  va lue none 0
( indep en d en t) low 1
medium 2
high 3
n o . o f  tim es up to  e le v e n  tim es 1, 2 , 3 , 4 ,  5 , 6,
in  s u c c e s s io n in  s u c c e s s io n 7, 8 , 9 , 10, 11
fo r  same type  goal
( independen t)
a t ta in m e n t a t t a i n e d 3
(independen t) t i e 2
no t a t t a i n e d 1
presence p re s e n t 1
(independen t) no t  p r e s e n t 0
f r u s t r a t i o n very  f r u s t r a t e d 5
, f r u s t r a t e d 4
n e u t r a l 3
unf r u s t r a t e d 2
verv  u n f r u s t r a t e d 1
a t t i t u d e v ery  bad 1
bad 2
i n d i f f e r e n t 3
good 4
verv  good 5
m orale low 1
medium 2
high 3
s t r u c t u r e  , low 1
medium 2
high 3
in  th e  s i t u a t i o n  l i s t  to  be p ro cessed  by th e  le a rn in g  machine. Exami­
n a t io n  of Appendix A r e v e a ls  t h a t  no t  every  s i t u a t i o n  co n ta in e d  in  the
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c o n te n t  a n a l y s i s  was a s s ig n e d  a s i t u a t i o n  number. The f i n a l  s i t u a t i o n  
l i s t  w i th  th e  a t t e n d a n t  v a lu e s  o f  a l l  p e r t i n e n t  v a r i a b l e s  i s  summarized 
in  T ab le  7 f o r  the  group c a l l e d  the  " R a t t l e r s " ,  and in  Table 8 f o r  the  
" E a g le s"  group . Each s i t u a t i o n  is  l i s t e d  by number w ith  the  f i r s t  
n in e  e n t r i e s  in  each  column be ing  in p u ts  and th e  l a s t  fou r e n t r i e s  
b e in g  th e  d e s i r e d  v a lu e  o f  o u tp u t  fo r  t h a t  s i t u a t i o n .  I t  i s  c o i n c i ­
d e n t a l  t h a t  th e re  a re  fo r ty -o n e  s i t u a t i o n s  in  each l i s t .
To c o n v e r t  th e se  s i t u a t i o n s  in to  the  b in a ry  coded form, which 
must be used f o r  ease  of computer s im u la t io n ,  th e  cod ing  procedure  
which was p r e v io u s ly  d e s c r ib e d  in  t h i s  paper was used . A p p l ic a t io n  of 
t h i s  p rocedu re  r e s u l t s  in  the  b in a ry  encoding  shown in  Table 9. In 
t h i s  t a b l e  -1 has been r e p la c e d  by zero  fo r  c l a r i t y .  Using t h i s  e n ­
cod ing  fo r  i n d i v id u a l  p ieces  o f  each v e c t o r ,  each s i t u a t i o n  was en­
coded by form ing com binations  o f  the  independen t v a r i a b l e s  as p re v io u s ly  
in d i c a t e d .  That i s  t o  say,
F r u s t r a t i o n  = f^ (n o .  t im e s ,  ty p e ,  v a lu e ,  a t ta in m e n t ,
f r u s t r a t i o n  l a s t  tim e, p re sen ce )
A t t i t u d e  = f 2 (no. t im e s ,  ty p e ,  v a lu e ,  a t t a in m e n t ,
f r u s t r a t i o n  l a s t  t im e , average  a t t i ­
tude l a s t  th r e e  t im e s ,  p resen ce )
Morale = fg (n o .  t im e s ,  ty p e ,  v a lu e ,  a t t a in m e n t ,
f r u s t r a t i o n  l a s t  t im e ,  average  morale 
l a s t  th r e e  t im e s ,  p re sen ce )
S t r u c t u r e  = f^ (n o .  t im e s ,  ty p e ,  v a lu e ,  a t t a in m e n t ,
f r u s t r a t i o n  l a s t  t im e , average  s t r u c ­
tu r e  l a s t  th r e e  t im e s ,  p resen ce )
So t h a t  a l l  l e v e l s  would always be i n t e g e r s ,  th e  v a lu e s  o f  average 
a t t i t u d e ,  m o ra le ,  and s t r u c t u r e  were taken  to  be th e  m a jo r i ty  o f  the 
th r e e  p re c e e d in g  v a l u e s ,  i . e . ,  i f  the  l a s t  th r e e  v a lu e s  o f ,  s a y ,  morale
RATTLERS COMPOSITE TABLE 7
PHASE I PHASE I I
SnOAIION NUMBER 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
N o.of tin^s th is  goal 
tvoe has occurred 1 2 3 4 3 . 6 7 8 9 10 11 1 2 3 4 1 2 1 i 1 2
Goal type 2 2 2 2 2 2 2 2 2 2 2 1 1 1 1 2 2 1 2 1 1
Goal value 2 2 1 1 2 2 2 1 3 2 2 3 3 3 3 0 1 2 3 3 3
Goal attainm ent 3 3 3 3 3 3 3 3 3 3 3 2 2 2 3 2 3 3 2 1 1
Frustration  la s t  time 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 3 4 3 3 4 5
Ave. a tt itu d e  la s t  
3 times 3 3 3 3 3 3 3 3 3 3 3 3 2 2 2 3 2 3 3 3 2
Ave. stru ctu re la s t  
3 times 1 1 1 1 1 1 1 2 2 3 3 3 3 3 3 3 3 3 3
Ave. morale la s t  3 
times I 2 2 _ 2 2 3 3 3 3 3 3 3 3 3
Presence 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 1 1 1 1
Frustration  th is  time 3 3 3 3 3 3 3 3 3 3 3 3 3 4 3 4 3 3 4 5 5
A ttitude th is  time 3 3 3 3 3 3 3 3 3 3 2 2 3 2 3 2 3 3 2 2 1
Structure th is  time 1 1 1 1 2 2 2 3 3 3 3 3 ? 3 3 3 ? ? 3
Morale th is  time 2 - - 2 - - 2 - - - 3 3 3 3 3 3 3 3 3 2 2
RATTLERS COMPOSITE .TABLE 7 (C ontinued)
PHASE I I PHASE I I I
SITUATION NUMBER 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41
No. o f  t im es  t h i s  g o a l  
ty p e  has  o c c u rre d 1 2 1 2 3 4 5 1 2 1 2 1 1 2 3^ AÜ 1 2
Goal ty p e 2 2 1 1 1 1 1 2 2 3 3 2 3 3 3 2 3 3 2 2
G oal v a lu e 3 0 2 3 3 3 0 0 0 2 2 1 3 3 2 2 2 2 2 2
G oal a t t a in m e n t 3 1 3 1 1 3 1 3 1 3 3 3 3 3 3 2 3 2 2 2
F r u s t r a t i o n  l a s t  tim e 5 4 5 3 4 5 4 5 4 5 4 4 4 3 2 2 1 1 1 1
Ave. a t t i t u d e  l a s t  
3 t im es 2 2 2 2 2 2 2 1 1 1 2 2 2 2 3 3 4 4 4 5
Ave. s t r u c t u r e  l a s t  
3 t im es 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Ave. mora le  l a s  t  3 
t im es 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
P re s e n c e 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
F r u s t r a t i o n  t h i s  tim e 4 5 3 4 5 4 5 4 5 4 4 4 3 2 2 1
•* 1
1 1 1 1
A t t i t u d e  t h i s  time 2 2 2 2 2 1 1 2 2 2 2 2 3 3 4 4 4 5 5 5
S t r u c t u r e  t h i s  time 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Morale th is  time 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
LnLn
EAGLES COMPOSITE TABLE 8
PHASE I PIHASE I I
SITUATION NUMBER 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
No. o f  t im es  t h i s  g o a l  
ty p e  has o c c u r re d 1 2 3 4 5 6 7 8 9 10 11 1 2 3~ 4 " 1 2 1 1 1 2
G oal ty p e 2 2 2 2 2 2 2 2 2 2 2 1 1 1 1 2 2 1 2 1 1
Goal v a lu e 1 1 1 3 2 2 2 2 3 2 2 3 3 3 3 0 1 2 3 3 3
Goal a t t a in m e n t 3 3 3 3 3 3 3 3 3 3 3 2 2 2 1 2 3 1 3 3 3
F r u s t r a t i o n  l a s t  t im e 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 3 4 5 4
Ave. a t t i t u d e  l a s t  
3 tim es 3 3 3 3 3 3 3 3 3 3 3 3 2 2 2 2 2 2 2 2 2
Ave. s t r u c t u r e  l a s t  
3 tim es 1 1 1 1 1 1 2 3 3 3 3 3 3 3 2 2 2 2 2 2 2
Ave. m ora le  l a s t  3 
t im es 2 2 2 2 2 2 2 1 1 1 2 2
P resen ce 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 1 1 1 1
F r u s t r a t i o n  t h i s  time 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 3 4 5 4 3
A t t i t u d e  t h i s  tim e 3 3 3 3 3 3 3 3 3 3 2 2 3 2 2 2 3 2 2 3 3
S t r u c t u r e  t h i s  time 1 1 2 1 1 2 3 3 3 3 3 3 3 2 2 2 2 3 3 3 3
M orale t h i s  tim e - - - 2 - - 2 - - - - 2 3 2 1 1 2 1 2 3 3
Lno\
EAGLES COMPOSITE TABLE 8 (Continued)
PHASE I I PHASE [II
SITUATION NUMBER 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41
■o. o f  tim es th is  goal 
tvoe has occurred 1 2 1 2 3 4 5. 1 2 1 2 I 1 2 3 1 1 2 I 2
Goal type 2 2 1 1 1 1 1 2 2 3 3 2 3 3 3 2 3 3 2 2
Goal value 0 3 2 3 3 0 0 0 0 3 2 1 3 3 2 2 2 2 2 2
Goal attainm ent 1 3 1 3 1 I 1 1 3 3 3 3 3 3 3 3 2 3 2 2
F ru stration  la s t  time 3 4 3 4 3 3 4 5 4 5 4 4 4 3 2 2 1 1 1 1
Ave. a tt itu d e  la s t  
3 tim es 3 2 2 2 2 ? 2 2 2 1 2 2 2 2 2 3 4 4 5 5
Ave. stru ctu re  la s t  
3 tim es 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 1 1 1 1
Ave. morale la s t  3 
tim es 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Presence 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
F ru stration  th is  time 4 3 4 3 3 4 5 4 5 4 4 4 ? 2 2 1 1 1 1 1
A ttitu d e  th is  time 1 2 2 2 2 2 ; 2 I 2 2 2 3 3 4 4 4 5 5 5
Structure th is  time 3 3 3 3 3 3 3 3 3 3 3 3 3 2 1 1 1 1 1 1
Morale th is  time 3 3 3 3 3 3 3 2 3 3 3 3 3 3 3 3 3 3 3 3
SJI
sa
Table 9. B inary  Encoding
V a r ia b le Level
no. t h i s  type 1 0 0 0 0 0 0 0 0 0 0 1
2 0 0 0 0 0 0 0 0 o i l
3 0 0 0 0 0 0 0 0 1 1 1
4 0 0 0 0 0 0 0 1 1 1 1
5 0 0 0 0 0 0 1 1 1 1 1
6 0 0 0 0 0 1 1 1 1 1 I
7 0 0 0 0 1 1 1 1 1 1 1
8 0 0 0 1 1 1 1 1 1 1 1
9 0 0 1 1 1 1 1 1 1 1 1
10 0 1 1 1 1 1 1 1 1 1 1
11 1 1 1 1 1 1 1 1 1 1 1
type 1 0 0 0
2 1 0  0
3 1 1 0
v a lu e 0 0 0 0
1 0 0 0
2 1 0  0
3 1 1 0
a t ta in m e n t 1 0 0
2 1 0
3 1 1
f r u s t r a t i o n 1 0 0 0 0
2 1 0  0 0
3 1 1 0  0
4 1 1 1 0
5 1 1 1 1
a t t i t u d e 1 0 0 0 0
2 1 0  0 0
3 1 1 0  0
4 1 1 1 0
5 1 1 1 1
morale 1 0 0
2 1 0
3 1 1
s t r u c t u r e 1 0 0
2 1 0
3 1 1
p resence 1 1 1
0 0 0
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were 3 , 3 , and 2 ,  th e  average  m orale  was taken  to  be 3. For example, 
th e  in p u t code v e c to r s  f o r  s i t u a t i o n  23 , Table 7 were formed as fo l lo w s :
A t t i tu d e  
in p u t  21
>no. times
-1
-1 .  *
-1 Morale = -
-1 in p u t  21
-1 -
-1 •no. tim es
-1










+1 •va lue +
-1 i -
+1 +




+1 , f r u 8 t r a t i o n +












I t t a inment
^ f r u s t r a t io n  
l a s t  time
ave .m ora le  
l a s t  3 tim es
►presence
ta g
A l l  s i t u a t i o n s  were s i m i l a r l y  encoded to  p rov ide  in p u t  code books s u i t ­
a b le  fo r  p ro c e s s in g  by an MFL m achine.
In  Table 9 some a d d i t i o n a l  f e a t u r e s  a re  n o t i c e d .  The encoding  fo r  
the  v a r i a b le  " ty p e "  c o n ta in s  an e x t r a  d i g i t .  This  was i n s e r t e d  as a 
check to  see  i f  mixed coding  schemes cou ld  be used in  forming the  code
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v e c t o r .  In  every  t r a i n i n g  s i t u a t i o n  t h i s  d i g i t  was l i g h t l y  w eigh ted  by 
th e  l e a rn in g  machine. An a d d i t i o n a l  redundancy was added by cod ing  the  
" p re sen ce"  v a r i a b l e  w ith  the  d i s ta n c e  2 code shown in  the  t a b l e .  Com­
p a r in g  t r a i n i n g  c a se s  u s in g  th e  d i s ta n c e  one encoding (1 , 0 ) ,  and 
(0 , 0) r e v e a le d  th e  w eigh t a s s ig n e d  to  each  d i g i t  f o r  th e  d i s t a n c e  2 
code i s  app rox im ate ly  o n e -h a l f  t h a t  a s s ig n e d  to  the  d i g i t  o f  th e  c o r ­
respond ing  d i s t a n c e  one code.
S e v e ra l  o u tp u t  code ass ignm en ts  were compared. S ince  a l l  o f  the  
dependent v a r i a b l e s  a re  c o a r s e ly  q u a n t iz e d  in to  e i t h e r  th r e e  o r  f iv e  
l e v e l s  only  two o u tp u t  c o d es ,  a th r e e  and f iv e  l e v e l ,  were r e q u i r e d  
f o r  any encoding scheme, a 3 + 1, 5 + 1, and 5 + 3  s e t  o f  o u tp u t  codes 
were d e v ise d .  R ep lac ing  -1 w i th  0 f o r  c l a r i t y ,  the  th r e e  code s e t s  
a re  shown in  Table 10.
Table  10. Output Codes
Type V ector Code
3 + 1 3 l e v e l -  t^1 1 1 1 1 1
— t
^2 0 0 0 1 1
-  t
^3 0 0 1 0 0
— t
3 + 1 5 l e v e l ^1 1 1 1 1 1 1 1 1 1
— t
^2 0 0 0 1 1 1 1 1 1
— t
^3 0 0 1 0 0 1 1 1 1
— t
0 0 1 0 1 0 0 1 1
— t
"5 0 0 1 0 1 0 1 0 0
5 + 1 3 le v e l 1 1 1 1 1 1 1 1
-  t
^2 0 0 0 0 0 1 1 1
— t
^3 0 0 0 1 1 0 0 0
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T able  10. Output Codes 
(Continued)
Type V ector Code
5 +  1 5 l e v e l 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 1 1 1 1 1 1 1 1 1
0 0 0 1 1 0 0 0 1 1 1 1 1 1
0 0 0 1 1 0 1 1 0 0 0 1 1 1
0 0 0 1 1 0 1 1 0 1 1 0 0 0
5 + 3  3 l e v e l 1 1 1 1 1 1 1 1 1
0 0 0 0 0 1 1 1 1
0 0 0 0 1 0 0 0 0
5 + 3  5 l e v e l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1
0 0 0 0 1 0 0 0 0 1 1 1 1 1 1 1 1
0 0 0 0 1 0 0 0 1 0 0 0 0 1 1 1 1
0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0
A c o n v en ien t  a lg o r i th m  fo r  g e n e ra t in g  the  above and s i m i l a r  codes may 
be s t a t e d  as fo l lo w s :
To form an L l e v e l  x + y code where x > y and x + y i s
even
-  t  V o n e s ,* a s t r i n g  of x + (L-2) ^ "  P
X z e ro s  fo llow ed  by P -  x o n e s .
= X - z e r o s ,  fo llow ed  by ^
fo llow ed  by ^  ze ro s  fo llow ed  by P -
o n e s ,
o n e s .
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=  V  _  , p T - n s  iVj*"  X - ~ ze ro s  fo llow ed  by j  ones
fo llow ed  by ( j  -  3) r e p e t i t i o n s  o f  the  s t r i n g  
(y z e ro s  fo llow ed  by ~ ones) followed 
by P - ( ~  2 ^^) +  ( j  - 3) ones
fo r  j  = 4 ,  5 , . . • ,  L
I f  t h i s  a lg o r i th m  i s  used i t  i s  n o t i c e d  t h a t  a d ja c e n t  words d i f f e r  by
( ^ )  - y +  ( ^ )  = X d ig its
and t h a t  th e  word d i f f e r s  from the  word by
j - (k - j  +  l ) y  + I* I   ^j = X + (k - j ) y
d i g i t s  f o r  k >  j  > 3. Also comparing and Vg, and v^> and
Vg and i t  i s  n o t i c e d  t h a t  th e se  word p a i r s  d i f f e r  by x ,  x + y , 
and X d i g i t s  r e s p e c t i v e l y .  Thus, t h i s  a lg o r i th m  d e f in e s  an x + y 
d i s t a n c e  code.
Using the  v e c to r s  d e sc r ib e d  above a s im u la t io n  s tu d y  o f  the two 
groups was perform ed. This  s tu d y  c o n s i s te d  o f  two d i s t i n c t  phases .  
Phase I  c o n s i s te d  o f  t r a i n i n g  a s e t  o f  MFL machines o f  a p p ro p r ia te  
c o n f ig u r a t io n s  to  c l a s s i f y  the  e ig h t  s e t s  o f  in p u t v e c t o r s ,  fou r  fo r  
each  g roup , i n t o  th e  p ro p e r  o u tp u t  c l a s s e s  denoted by the  f r u s t r a t i o n  
t h i s  t im e ,  a t t i t u d e  t h i s  t im e ,  morale t h i s  t im e ,  and s t r u c t u r e  t h i s  
t im e ,  rows in  T ab les  7 and 8 .  Phase I I  u t i l i z e d  th e  t r a i n e d  MFL 
machines as  p r e d i c to r s  in  o rd e r  t o  i n v e s t i g a t e  p o s s ib le  b ehav io rs  of 
each  group.
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To perform  the  t r a i n i n g  a g e n e ra l  program was w r i t t e n  t o  s im u la te  
a Matched F i l t e r  Logic Machine o f  a r b i t r a r y  s i z e .  This program, l i s t e d  
in  Appendix B, was th e n  used to  p rocess  th e  e i g h t  s e t s  o f  v e c to r s  which 
re p re s e n te d  th e  in fo rm a t io n  p e r t i n e n t  to  the  R a t t l e r s  and th e  E ag les .  
I n i t i a l l y ,  one s e t  o f  in p u ts  was p ro cessed  th r e e  tim es u s in g  d i f f e r e n t  
o u tp u t  codes in  o rd e r  to  de term ine  the  s e n s i t i v i t y  of the  p ro cess  to  
o u tp u t  cod ing .  The s e t  o f  in p u ts  c o r re sp o n d in g  to  the  v a r i a b le  
" a t t i t u d e "  f o r  th e  E ag les  group was a r b i t r a r i l y  s e l e c t e d  fo r  t h i s  p u r ­
pose and p ro cessed  u s in g  the 3 + 1  code ,  th e  5 + 1  code, and the 
5 + 3  code. The r e s u l t s ,  which a r e  summarized in  F igure  8 ,  in d i c a te d  
no dec ided  p r e fe re n c e  f o r  any o u tp u t  code . S ince  th e re  was no dec ided  
p re fe re n c e  th e  5 + 3  o u tp u t  code was used f o r  a l l  t r a i n i n g  ru n s .
As the  program flow c h a r t  in  Appendix B i n d i c a t e s ,  each t r a i n i n g  
run c o n s i s te d  o f  p r e s e n t in g  1000 code v e c to r s  to  the m achine, compar­
ing the  machines c l a s s i f i c a t i o n  o f  each v e c t o r  to  the  c o r r e c t  c l a s s i f i ­
c a t io n  and c o r r e c t i n g  some of th e  i n c o r r e c t l y  respond ing  TLUs i f  the  
c l a s s i f i c a t i o n  was i n c o r r e c t .  For the  f i r s t  500 t r a i n i n g  v e c to r s  3/4 
o f  th e  i n c o r r e c t l y  re spond ing  TLU s were changed and f o r  the  rem ain ing  
500, 1/4 of I n c o r r e c t  TLUs were c o r r e c t e d .  T h is  v a r i a t i o n  le s s e n e d  th e  
p o s s i b i l i t y  o f  in a d v e r t e n t ly  changing c o r re c t 'w e ig h t 's  to  i n c o r r e c t  
ones . The change a t  th e  end o f  500 t r a i n i n g  cases  was su g g es ted  by 
the r e s u l t s  S in g le to n  (15) o b ta in e d  in  a somewhat s im i l a r  experim en t .
In  o rd e r  to  produce th e  n e c e s s a ry  number o f  t e s t  v e c to r s  f o r  t r a i n i n g  
purposes each code book o f  le n g th  K was p re s e n te d  c y c l i c a l l y  so  t h a t  
the  i^ ^  v e c to r  in  th e  t r a i n i n g  sequence was the  i(mod K)*"^ word o f  




A fte r  each  t r a i n i n g  sequence was complete the e n t i r e  code book 
was decoded u s in g  th e  f i n a l  w e ig h ts .  Table 11 summarizes th e  in fo rm a­
t io n  p e r t a in in g  to  th e  code book fo r  each v a r i a b le  and a l s o  l i s t s  the  
number o f  words in  the  e n t i r e  code book which were c l a s s i f i e d  in c o r ­
r e c t l y  a t  th e  end o f  the  t r a i n i n g  p rocedure .
Table 11
Group V a r ia b le E r ro rs
N o.of B inary 
D ig i t s  in  ea .  
Code Word






N o .o f TLU 
in  MFL 
Machine
R a t t l e r s A t t i tu d e 4 35 595 41 17
Morale 0 33 297 32 9
S t r u c tu r e 0 33 297 39 9
F r u s t r a t i o n 2 27 459 41 17
Eagles A t t i tu d e 5 35 595 41 17
Morale 0 33 297 34 9
S t r u c tu r e 0 33 297 38 9
F r u s t r a t i o n 0 27 459 41 17
As may be seen  th e  maximum c l a s s i f i c a t i o n  e r r o r  f o r  any code book i s  
abou t 12% and fo r  f i v e  ou t  o f  the  e ig h t  code books a l l  words may be 
c l a s s i f i e d  c o r r e c t l y  by u s in g  the  f i n a l  v a lu e s  o f  th e  w eigh ts  computed 
fo r  the  v a r io u s  TLUs in  th e  machine.
The MFL machine program was designed  to  keep a c u r r e n t  t a l l y  of 
the  number o f  t r a i n i n g  cases  which have been p re s e n te d  to  th e  machine.
I t  a l s o  c a l c u l a t e d  th e  d i f f e r e n c e  and th e  square  of the  d i f f e r e n c e  be ­
tween the  a c t u a l  and d e s i r e d  o u tp u t  c l a s s i f i c a t i o n  f o r  each  word in  the 
t r a i n i n g  sequence and k ep t  10 word group t o t a l s  fo r  th e se  q u a n t i t i e s .  
Using the  e r r o r  v a l u e s ,  a t r a i n i n g  o r  " le a rn in g "  curve may be p l o t t e d  
fo r  each code book. These cu rves  a re  shown in  F ig u re s  10, 11 ,12 , and 13.
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On each  le a rn in g  curve the  v a lu e s  o f  the t o t a l  squared  e r r o r  fo r  the  p re -  
ceed in g  group o f  10 words i s  connected  by a l i g h t  l i n e  to  show the  lo c a l  
b eh a v io r  of the  t r a i n i n g  p ro c e s s .  The heavy l i n e s  r e p r e s e n t  a v a lu e  
eq u a l  to  o n e - f i f t h  th e  t o t a l  squared  e r r o r  f o r  the  p roceed ing  group of 
50 w ords. The heavy l in e d  cu rves  thus  r e p r e s e n t  th e  average  squared  
e r r o r  per  10 words over the  l a s t  50 words and a re  more n e a r ly  i n d i c a t i v e  
o f  th e  o v e r a l l  le a rn in g  behav io r  of the  machine.
Exam ination of F ig u res  10 and 12 shows t h a t  in  g e n e ra l  p r e d ic to r s  
(w e ig h ts )  which w i l l  lead  to  p roper c l a s s i f i c a t i o n  o f  the  v e c to r s  r e p r e ­
s e n t in g  the v a r i a b l e s  " a t t i t u d e "  and " f r u s t r a t i o n "  a re  more d i f f i c u l t  
to  de te rm ine  than a re  those  f o r  th e  c l a s s i f i c a t i o n  o f  the  v a r i a b le s  
"m ora le"  and " s t r u c t u r e " .  N e v e r th e le s s ,  exam ination  o f  the w eigh ts  
r e s u l t i n g  from the  Phase I  c a l c u l a t i o n s  r e v e a ls  t h a t  each  group has 
d ec id ed  on a w e l l  d e f in e d  group o f  p r e d i c t o r s .  From th e  p roceed ing  ex­
ample p re se n te d  in  t h i s  paper a p l o t  of the f i n a l  average w eigh ts  showed 
a s t r o n g  p re fe re n c e  fo r  two p o r t io n s  o f  the in p u t code as p r e d ic to r s  o f  










1 2 43 5
D ig i t  Number 
F igure  14. Average Weights f o r  F i r s t  Example
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t h a t  a l th o u g h  d i g i t s  one and th r e e  a r e  s t ro n g  p r e d i c t o r s ,  d i g i t s  two 
and fo u r  a l s o  r e c e iv e  n o n -ze ro  average  w e igh t .  The s t r o n g  p r e d i c t o r s ,  
th e n ,  must be ones whose v a lu e  i s  l a r g e r  than some "n o ise  l e v e l "  o r  
a r b i t r a r y  c u t o f f  l e v e l  in d i c a te d  by the  shaded a re a  in  F igu re  14. I f  
the  w e ig h ts  f o r  the  R a t t l e r s  and Eagles a re  p l o t t e d  in  a s i m i l a r  manner 
some v e ry  s t ro n g  p r e d i c t o r s  a re  in d i c a te d .
The w eigh t p r o f i l e s ,  c o n s i s t i n g  o f  F igu res  15 through  18 f o r  the  
R a t t l e r s  and F ig u re s  19 th rough  22 f o r  th e  E ag le s ,  a re  v e ry  good g ra p h ic  
i n d i c a to r s  of the  p r e d i c to r s  used by each  group. These p lo t s  a r e  de­
r iv e d  from the  raw d a ta  c o n ta in e d  in  Appendix C by adding  the  w e ig h ts  
f o r  th e  i^ ^  d i g i t s  fo r  each  TLU to  o b ta in  a t o t a l  w eigh t fo r  the  i^ ^  
d i g i t .  The marks i n d i c a t e  the  d iv id in g  l in e s  between th e  v a r io u s  v a r i ­
a b le s  in  th e  code word and a re  i n t e r p r e t e d  as fo l lo w s ;
A t t i tu d e
no. tim es type v a lu e  a t ta in m e n t  l a s t  f r u s t .
e lev en  d i g i t s  A fo u r  d i g i t s  i  fo u r  d i g i t s  à th r e e  d i g i t s  A f iv e  d i g i t s  A
a v e . a t t .  p re sen ce  tag
f iv e  d i g i t s  A two d i g i t s  A one
S t r u c t u r e
no. tim es type v a lu e  a t ta in m e n t  l a s t  f r u s t .
e lev en  d i g i t s  A fo u r  d i g i t s  A fo u r  d i g i t s  A th r e e  d i g i t s  A f iv e  d i g i t s  A
ave. s t r u c t .  p resence  tag
th r e e  d i g i t s  A two d i g i t s  A one
Morale
no. tim es type v a lu e  a t ta in m e n t  l a s t  f r u s t .
e lev en  d i g i t s  A fo u r  d i g i t s  A fou r  d i g i t s  A th r e e  d i g i t s  A f iv e  d i g i t s  A
av e .m o ra le  p resence  tag
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F r u s t r a t i o n
no. tim es type  v a lu e  a t ta in m e n t  l a s t  f r u s t .
e le v e n  d i g i t s  A fou r  d i g i t s  A fo u r  d i g i t s  A th r e e  d i g i t s  A f i v e  d i g i t s  A
The d i g i t  which r e c e iv e s  a  l a r g e  w e ig h t may then be r e l a t e d  to  th e  
p h y s ic a l  s i t u a t i o n  by r e f e r e n c e  to  th e  o r i g i n a l  p rocedu re  g iv en  in  
Table  9. One may, f o r  i n s t a n c e ,  compare F ig u re s  15 and 19 and n o t ic e  
b o th  s i m i l a r i t i e s  and d i f f e r e n c e s  between the  two groups co ncern ing  
p r e d i c t o r s  in f lu e n c in g  t h e i r  a t t i t u d e .  Both a re  in f lu e n c e d  by re p e a te d  
g o a ls  o f  the  same ty p e ,  the  R a t t l e r s  respond ing  most to  the  second and 
t h i r d  o c c u r re n c e s  b u t  th e  E ag les  p la c in g  g r e a t e r  emphasis on p e r s i s ­
t e n c e ,  i . e . ,  th e  f i f t h  o ccu rren ce  i s  w eighted  h e a v i ly .  Both respond 
to  c o o p e ra t iv e  g o a l s ,  th e  E ag les  be ing  the  more re s p o n s iv e  o f  the  two 
in  a r e l a t i v e  s e n s e .  Both a re  in f lu e n c e d  by low and medium v a lu e  g o a l s .  
This in f lu e n c e  cou ld  e i t h e r  be in  a n e g a t iv e  ( d o n ' t  c a r e )  o r  p o s i t i v e  
( c a re )  sense  s in c e  on ly  in f lu e n c e  i s  in d ic a te d  by th e  p r e d i c t o r s .  Both 
a re  in f lu e n c e d  to  a c e r t a i n  e x t e n t  by g o a l  a t t a in m e n t ,  th e  emphasis 
b e in g  p la ced  more h e a v i ly  on t i e s .  The a t t i t u d e  of each  group toward 
the  o th e r  i s  in f lu e n c e d  most s t r o n g l y  by t h e i r  f r u s t r a t i o n  l e v e l ,  th e  
R a t t l e r s  being  most in f lu e n c e d  by high  f r u s t r a t i o n  v a lu e s  w h ile  the 
E ag les  a r e  more in f lu e n c e d  by average, o r  n ea r  to  average  f r u s t r a t i o n  
l e v e l s .  At t h i s  p o in t  the  groups d i f f e r .  The E agles  seem to  p lace  some 
emphasis on t h e i r  p a s t  a t t i t u d e  i f  i t  was n e u t r a l  and on th e  p resence  of 
a n o th e r  group, w h ile  th e  R a t t l e r s  p la c e  no emphasis on th e se  v a r i a b l e s .
A s e t  o f  s ta te m e n ts  co n ce rn in g  th e  o th e r  th r e e  v a r i a b l e s  cou ld  be 
made s i m i l a r  to  th e  p rece ed in g  s ta te m e n ts  i f  one were to  compare 
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The second phase o f  t h i s  s im u la t io n  concerns  the  r e a c t i o n  o f  the  
two groups to  a s e t  o f  in p u ts  c o n s i s t i n g  on ly  of independen t v a r i a b l e s .  
In  t h i s  in s ta n c e  th e se  v a r i a b l e s  a re  goa l ty p e ,  go a l  v a lu e ,  and 
p resence  o f  b o th  groups in  the  same p la c e .  The groups a re  c h a r a c t e r ­
ized  by th e  s e t s  o f  w eigh ts  r e s u l t i n g  from Phase I .
The s im u la t io n  program, which i s  c o n ta in e d  a l s o  in  Appendix B, 
r e c e iv e s  a s e t  o f  independen t v a r i a b l e  v a lu e s  as a s i t u a t i o n  in p u t .
From t h i s  s e t  o f  in p u t  v a r i a b l e s  the  v a lu e s  o f  a l l  o th e r  n e c e s sa ry  
va lues  a re  computed, p a s t  av e rag es  a re  computed and a s e t  o f  fou r 
s i t u a t i o n  v e c to r s  a r e  c l a s s i f i e d  and a v a lu e  f o r  the  fo u r  dependent 
v a r i a b l e s  i s  computed. Once t h i s  i s  done th e  nex t s i t u a t i o n  i s  p r e ­
sen ted  and th e  group r e a c t io n  computed. In  t h i s  manner one may 
ge n e ra te  hypotheses  conce rn in g  th e  beh av io r  o f  the  group when a c e r ­
t a i n  s t r i n g  o f  in p u ts  i s  p re s e n te d .
In  t h i s  phase o f  the  s im u la t io n  th e  ^ o u p s  were f i r s t  c o n fro n te d  
w ith  th e  same sequence o f  in p u ts  as in  th e  o r i g i n a l  exp er im en t .  This 
was done in  o rd e r  to  p rov ide  a check on th e  accu racy  o f  the simu­
l a t i o n .  The r e s u l t s  a re  shown in  F ig u re s  23 and 24. I t  w i l l  be 
n o t ic e d  t h a t  th e  s im u la t io n  f i l l s  in  the  b lanks  in  th e  o r i g i n a l  code 
book and rep roduces  th e  o r i g i n a l  s i t u a t i o n  w i th  a maximum o f  a p p ro x i ­
m ate ly  12% e r r o r .  In  F ig u re s  25 and 26 th e  in p u ts  have been i n t e r ­
changed. That i s  to  s a y ,  the  R a t t l e r s  r e c e iv e  a l l  41 o f  the  E ag les  
o r i g i n a l  in p u ts  in  the  same sequence and v ic e  v e r s a  f o r  the E ag le s .
The r e a c t io n  o f  th e  groups i s  d e c id e d ly  d i f f e r e n t  w i th  the  Eagles seem­
ing to  r e a c t  more s low ly  to  changes in  t h e i r  fo r tu n e s  than  the  R a t t l e r s  
d id  in  th e  same s i t u a t i o n .
SSiS 3 :3»£ i:
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Prev ious  i n v e s t i g a t o r s  (16, 3 ,  4 ,  9) have concluded th a t  a d a p t iv e  
p ro c e ss in g  p rov ides  r e s u l t s  which a re  a t  l e a s t  comparable w i th  th e  
r e s u l t s  gained by l i n e a r  r e g r e s s io n  a n a l y s i s .  They have a l s o  found 
th a t  the  runn ing  time o f  the average ad ap t iv e  p ro c e ss in g  program d u r ­
ing the t r a i n i n g  phase has been s h o r t e r  than  the  comparable l i n e a r  
programming problem. These r e s u l t s  were o b ta in ed  by p ro c e s s in g  da ta  
which y ie ld e d  to  bo th  types  of m an ip u la t io n .
This  paper has p re se n te d  a cod ing  scheme which w i l l  e n a b le  one 
to  look f o r  p a t t e r n s  or f u n c t io n a l  dependencies in  in fo rm a tio n  which 
may be c h a r a c te r i z e d  as "yes"  o r  "no" s ta te m e n ts ,  o b je c t iv e  o r  s u b je c ­
t i v e  g ross  e s t im a te s  (h ig h ,  low, medium, e t c . )  and s ta n d a rd  numeric i n ­
fo rm ation .  Data conce rn ing  a g iven  phenomenon may be mixed in  one , two 
or  a l l  o f  th e se  forms and may s t i l l  be encoded in to  a s in g le  s e t  of 
s ta tem en ts  conce rn ing  t h a t  p a r t i c u l a r  phenomenon. No a p r i o r i  s t a t e ­
ments about im portance o f  any v a r i a b le s  need be made s in c e  a l l  i n f o r ­
mation concern ing  the  s t a t e  of the  p rocess  a t  one p o in t  in  tim e is  
processed  in  one f e l l  swoop and th e  r e s u l t  o f  th e  p ro c e s s in g  i s  a s t a t e ­
ment abou t the r e l a t i v e  im portance o f  the v a r io u s  v a r i a b l e s .  In  the 
examples p re sen te d  i t  was shown t h a t  the p r e d ic to r s  r e s u l t i n g  from t h i s  
c a l c u l a t i o n  a re  e a s i l y  re c o g n iz a b le  and may be found from the  w eigh ts
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each  TLU in  the MFL machine a s s ig n s  to  each d i g i t  In the  Inpu t code by 
sim ply  a l g e b r a i c a l l y  add ing  the w eights  co r resp o n d in g  to  each d i g i t .
These c a l c u l a t i o n s  may be made u s in g  a r e l a t i v e l y  sm all computer 
I f  I t  I s  f a s t  and can e f f e c t i v e l y  t r a n s f e r  In fo rm a tio n  from bu lk  
s to r a g e .  The I n i t i a l  t r a i n i n g  runs and a l l  o f  the I n v e s t i g a t io n  con­
c e rn in g  o u tp u t  code s e n s i t i v i t y  were made u s in g  a Burroughs 205 w ith  
a l l  a r i t h m e t i c  be ing  done In f ix e d  p o in t .  A l l  of th e  codes were 
s to r e d  In memory u s ing  a two d i g i t  word le n g th  bu t  th e re  was no lo s s  
o f  accu racy  s in c e  a l l  o f  th e  numbers co nce rn ing  each  TLU a re  e i t h e r  
b in a ry  numbers o r  sm all  I n te g e r s  le s s  than  s a y ,  1000. The rem ain ing  
t r a i n i n g  runs  and the s im u la t io n  runs were made u s in g  an IBM 1410 w ith  
a f ix e d  and f l o a t i n g  p o in t  word le n g th  o f  4 .  T h is  d id  no t  r e s u l t  In 
any lo s s  o f  accu racy  In th e  f i n a l  r e s u l t  and speeded up th e  ru n n in g  
time by about a f a c t o r  o f  3. I t  Is  e a s i l y  s e e n ,  then  t h a t  a s h o r t  
word le n g th  computer cou ld  be used to  p rocess  code words o f  any le n g th  
p rov ided  s u f f i c i e n t  b u lk  s to ra g e  was a v a i l a b l e .
I t  Is  n o t  the  a u t h o r ' s  I n te n t io n  to  Imply t h a t  t h i s  te ch n iq u e  of 
In fo rm a t io n  p ro c e ss in g  should  re p la c e  a l l  o th e r s .  R a th e r ,  s in c e  
p a t t e r n  re c o g n iz in g  le a r n in g  machines e x i s t  they  should  be employed 
to  rec o g n iz e  som ething b e s id e s  hand w r i t t e n  c h a r a c t e r s .  Some th o u g h t 
shou ld  be g iven  to  the  r e c o g n i t io n  of r e g u l a r i t i e s  In o th e r  k in d s  o f  
In fo rm a t io n  and In fo rm a t io n  about s o c i a l  systems Is  of a type  In which 
p a t t e r n s  a re  o f t e n  sought and le s s  f r e q u e n t ly  found.
McWhlnney (11) has mentioned t h a t  d a ta  co nce rn ing  communication 
n e t  experim ents  I s  on ly  s u p e r f i c i a l l y  p rocessed  s in c e  I t  I s  n o t  
amenable to  p ro c e ss in g  by s ta n d a rd  means. An a t tem p t should  be made
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tp  o b ta in  and p ro c e s s  in fo rm a tio n  o f  t h i s  type u s ing  a le a rn in g  machine. 
A lso ,  an "on l i n e "  exp er im en t conducted c o n c u r r e n t ly  w ith  an experim en t 
such as the Robbers Cave experim ent would be very  h e l p f u l  in  p ro v id in g  
a c l e a r e r  u n d e r s ta n d in g  of th e  r e l a t i o n s h i p  between the  w e ig h ts  in  the  
le a r n in g  machine and the  a c t u a l  p ro c e s s .
In co n c lu s io n  l e t  i t  be s a id  t h a t  e n g in e e r in g  techno logy  has made 
a v a i l a b l e  in  the computer a h ig h ly  f l e x i b l e  co m p u ta tio n a l  t o o l .  E f f o r t  
shou ld  now be expended to  i n t e g r a t e  t h i s  machine in to  th e  s c i e n t i f i c  
ex p e r im e n ta l  p ro cess  as a d e c i s io n  making to o l  as w e l l .
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APPENDIX A
This Appendix c o n ta in s  a d u p l i c a te  o f  th e  o r i g i n a l  c o n te n t  a n a ly s i s  
which was used in  forming the  code words p ro cessed  in  Example 2 . The 
number in  the l e f t  hand margin (when th e re  i s  one) in d i c a t e s  th e  s i t u ­
a t i o n  number a s s ig n e d  to  t h a t  s ta te m e n t  o r  group of s ta t e m e n ts .  These 
s i t u a t i o n  numbers co rrespond  to  the ones in  T ab les  7 and 8.
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ANALYSIS OT ROBBERS' CAVE EXPERIMENT 
RATTLERS
S tag e
A. System  o b je c ts
1. G o a l -o r ie n te d  in t e r a c t i o n -  
h i e r a r c h i c a l  s t r u c t u r e
2. S t r u c tu r e -  
i d e n t i t y
►In-group
3. In -g ro u p  i d e n t i t y —► norm s
4 . Norms—► s a n c t i o n s
System in p u ts
1. D iscovery  of swimming ho le
2. Meal must be p repared
Canoe must be c a r r i e d
C . System o u tp u ts
1. a )  Group s e l e c t s  l a r g e s t
boy (Brown) to  make 
o u t  swim buddy l i s t
b) Brown and M il l s  le ad  
in  improving swimming 
h o le
2. Simpson leads  meal p re p a ra ­
t i o n
3. Brown and Simpson lead  
canoe c a r r y in g  o p e ra t io n
4 . L a t r in e  must be dug "Toughness" 4 . Brown hands shove l to
norm
5. D iscovery  o f  th e  dam
6. Canteen l i s t  r e q u i r e d
7. D iscovery  o f  paper  cups
8 . Tent p i t c h in g  p r a c t i c e
Simpson; a l l  co o p e ra te  in  
d ig g in g  l a t r i n e
5. M i l l s  o rg an iz e s  dam c lim b­
ing game
6. M il l s  w r i t e s  up can teen  
l i s t
7. Resentment t h a t  " o u t s id e r s "  
had been th e re
8 .
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A n a ly s is  o f  R obbers ' Cave Experim ent (con tin u ed )  
R a t t l e r s
9. Group t r e a s u r e  hun t
10. B a s e b a l l  p r a c t i c e
11. "D iscovery"  o f  th e  E ag les
9. M i l l s  proposes h a r d b a l l  
equipment
10. M i l l s  nom inates Simpson 
fo r  C ap ta in  ( e l e c te d )  and 
chooses own p o s i t i o n ;
M i l l s  the  reco g n ized  le a d e r
11. a )  M il l s  chooses " R a t t l e r s "
name fo r  group
b) C hallenge  o f  th e  E ag les  
to  p lay  b a l l  game
c) Enthusiasm  in  p o s s ib le  
c o m p e ti t iv e  a c t i v i t i e s
d) Non-swimmers he lped  to  
swim - in c re a s e  in  
s o l i d a r i t y  and b u i l d ­
up o f  morale
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ANALYSIS OF ROBBERS* CAVE EXPERIMENT 
EAGLES
S tag e  1 _:
A. System o b je c ts :
G o a l -o r ie n te d  i n t e r a c t i o n -  
h i e r a r c h i c a l  s t r u c t u r e
2. S t r u c tu r e  
i d e n t i t y
►In-group
3. In -g ro u p  i d e n t i t y  ^ norms
4 .  Norms ^ s a n c t io n s
B. System in p u ts
1. Campfire
2. Sign l e f t  by e a r l i e r  campers
3. Canoe c a r r y in g
4 . B ridge b u i ld in g
5. Screen  req u ire m en t
6. S o f t b a l l  workout
C. System ou tpu ts
1. a) Myers leads  in  b u i l d ­
ing f i r e
b) C ra ig  s to p s  Myers from 
"boss ing"
2. Myers dec ides  name of 
camp
3. C ra ig  leads  in  canoe 
c a r ry in g
4 .  a) Mason leads  b r idge
b u i ld in g
b) C u t le r  walks b r id g e ,  
to  the  s u r p r i s e  of a l l  
- (emerging s t a t u s  r e ­
l a t i o n s h ip s )
5 . a) C ra ig  says sc reen s  un­
n ece ssa ry ;  group d i s ­
ag rees  - y o te s  fo r  them
b) C ra ig  leads  in  p u t t in g  
up sc reens
6. a )  Mason the  b e s t  b a l l ­
p la y e r
b) C ra ig  and Davis sco ld  
Myers f o r  clowning
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A nalys is  o f  R obbers ' Cave Experiment (con tin u ed )  
Eagles
7. Campout r e q u e s te d  by boys 
( r e s e r v o i r  t r i p )
8 . Canteen l i s t
9. T rea su re  hun t
7. a )  Myers a s to u n d s  a l l  by
c a r r y in g  3 t e n t s
b) Mason says r e s e r v o i r  no t 
good f o r  swimming; Davis 
su p p o r ts  M ason's o p in io n
c)  C ra ig  d i r e c t s  t r a n s p o r ­
t a t i o n  o f  s u p p l i e s  back 
home
d) Myers p e l te d  w i th  s to n e s  
fo r  le a v in g  sw im su it  and 
h o ld in g  up gang
e )  C r a i g 's  song c a l l e d  "our 
song".
8 . C ra ig  and Davis take  lead  
In drawing up c a n te e n  l i s t
9. C ra ig  g iven  n o te s  to  re a d ;  
C ra ig  backs D avis ' p ro p o sa l  
fo r  h a r d b a l l  equipment and 
I n s t r u c t s  boys t o  s ign  
p e t i t i o n  fo r  I t .  C ra ig  
l e c tu r e s  on how to  p lay 
b a s e b a l l
10. B aseb a l l  p r a c t i c e
11. D iscovery  o f  th e  R a t t l e r s
Homesickness o f  Davis and 
Boyd
P r a c t i c e  a t  w r e s t l i n g ,  tum bling , 
t e n t  p i t c h in g ,  b a s e b a l l
10. C ra ig  a s s ig n s  e ac h  boy a 
number; Myers Igno red  when 
he o b je c t s  to  a d e c i s io n ;  
C ra ig  n o t  Ignored  when he 
o b je c t s  to  a d e c i s i o n ,  and 
g iv es  In
11. C ra ig  i n s t r u c t s  s t a f f  to  
c h a l le n g e  R a t t l e r s  to  a game
Davis drops In  s t a t u s ;  Davis 
and Boyd leave  f o r  home
Enthusiasm  In p r a c t i c e
C r a i g 's  s u g g e s t io n  o f  name 
"E ag les"  su p p o r ted
C ra ig  r e q u i r e s  Mason to  a c ­
c e p t  s t e n c i l  on s h i r t
C ra ig  t e l l s  s t a f f  the group 
has decided  to  s l e e p  o u t  In 
a t e n t
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ANALYSIS OF ROBBERS * CAVE EXPERIMENT 
(Continued)
Stage 2 :
A. System o b je c ts :
1 -  4 as in  S tage 1.
5 . T e r r i t o r i a l  d is p u te -  
group h o s t i l i t y
" in te r -
6. I n te rg ro u p  h o s t i l i t y —► •c h a l­
lenge t o  c o m p e ti t io n
7. C hallenge  to  c o m p e t i t io n —►  
in te rg ro u p  i n t e r a c t i o n
8. In te rg ro u p  i n t e r a c t i o n — ►  
f r u s t r a t i o n
9. F r u s t r a t i o n  ► u n fav o rab le  
s te r e o ty p e  (o f  o u t-g ro u p )
10. F r u s t r a t i o n / s u c c e s s -  
s o l i d a r i t y
»in -g roup
11. F r u s t r a t i o n —► change  in  group 
s t r u c t u r e  (+ norms, s a n c t io n s )
12. F r u s t r a t i o n —► r e p r i s a l s
B. System in p u ts
12. Mutual c h a l le n g e  to  p lay  
b a s e b a l l
13. Day 1: Tournament announced
C. System ou tp u ts
12. Enthusiasm  in  b o th  groups
13. a )  R a t t l e r  re sp o n s e :  F u l l
co n fidence  in  v i c t o r y ;  
spend time in  im proving 
" t h e i r  own" b a l l  f i e l d ;  
put R a t t l e r  f l a g  on 
back s to p ;  p r a c t i c e  fo r  
even ts
b) Eagle re s p o n s e :  Cau­
t io u s  en th u s ia sm ; m ild  
e x p re s s io n  of c o n f id e n c e ;  
a t t a c h  Eagle  f l a g  to  a 
p o le ;  p r a c t i c e  f o r  ev en ts
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S tag e  1 (C on tinued)
14. Day 2: F i r s t  b a s e b a l l  game
15.
16. Day 2: Lunch to g e th e r
17. Day 2: P r a c t i c e  f o r  o th e r  
e v e n ts  o f  tournam ent
14. a )  R a t t l e r s  show p o sse ss io n
o f  b a l l f i e l d  - they  were 
f i r s t  to  a r r i v e  ( i . e . ,  
as "home team")
b) Eag les  a r r i v e  w i th  f l a g  
and menacing song
c) Mutual d e ro g a to ry  name 
c a l l i n g ,  in c re a s in g  as 
th e  game proceeds
15. d) C ra ig  (E) t r i e s  to  con­
t r o l  Myers (E) w ith  
words abou t sportsm an­
s h ip
e) Mason (E) beg ins  to  
d i s p la c e  C ra ig  (E ) ; 
chooses own p i t c h in g  
rep la cem e n t;  C ra ig  
acc e p ts
f )  R a t t l e r s  w in; and d i s ­
p lay  "good sportsm ansh ip  
toward Eagles ; Mason 
th r e a te n s  h i s  team i f  
they  do n o t t r y  h a rd e r ;  
C ra ig  (E) throws R a t t l e r  
glove in t o  th e  w ate r
16. a )  Mutual name c a l l i n g  and
ra z in g
b) Meyers (E ) , in  say ing  
g ra c e ,  su g g es ts  E a g le s '  
f e a r  t h a t  o th e rs  ( l ik e  
Davis and Boyd) m ight 
g e t  homesick and go 
home
17. a )  R a t t l e r s :  show s t r o n g ­
e r  in -g ro u p  f e e l in g  
( e . g . , d e c id in g  to  wear 
t h e i r  s t e n c i l e d  s h i r t s  
a t  every  game)
b) E a g le s :  Mason ta k es  over 
le a d e r s h ip  o f  group 
( l e c tu r e s  on how to  win; 
d i r e c t s  p r a c t i c e  fo r  
v a r io u s  e v e n t s ) ;  con­
t r o l s  group by t h r e a t ­
en ing  to  go home
S tag e  2 (C ontinued)
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18. Day 2: F i r s t  tu g -o f -w a r
19. Day 3: R a t t l e r s '  d isc o v e ry
o f t h e i r  b u rn t  f l a g
20. Day 3: Second b a l l  game
18. a )  Mason (E) assumes job
of c a p ta in  fo r  tu g - o f -  
war; Simpson (R) assumes 
same job  f o r  R a t t l e r s
b )  C ra ig  (E) w ithdraw s when 
he p e rc e iv e s  E ag les  a re  
lo s in g
c )  R a t t l e r s  win; show 
sportsm ansh ip  (3 chee rs  
fo r  the  E ag les)
d) E a g le s ' morale drops 
(Mason c r i e s ,  says 
R a t t l e r s  a re  a t  l e a s t  
8 th g ra d e r s ,  t h a t  he i s  
going home, t h a t  he 
w i l l  f i g h t )
e )  Eagles burn th e  R a t t ­
l e r s  ' f l a g
19. a )  R a t t l e r s '  re sp o n se :
no ise  and re sen tm en t;  
p lan  to  f i g h t  the 
Eagles
b) R a t t l e r s  and Eagles 
sk irm ish ;  C ra ig  (E) 
admits t h a t  a l l  th e  
Eagles burned the f l a g
20. a )  Eagles win the  game,
w ith  chee rs  f o r  the  
lo s e r s ;  a s c r ib e  t h e i r  
v ic to r y  to  p ra y e r s ;  
a s c r ib e  R a t t l e r s '  lo s s  
to  t h e i r  "bad c u s s in g " ;  
decide  to  avoid  c u s s in g ,  
and n o t  even to  t a l k  to  
R a t t l e r s  who a re  poor 
s p o r ts  and "bad 
c u s s e r s " .
b) R a t t l e r s  response  to  
lo ss  o f  game: much i n ­
t e r n a l  f r i c t i o n ,  m utual 
r e c r im in a t io n ;  Brown (R) 
and A llen  (R) w r i t e  l e t ­
t e r s  to  a sk  t o  go home;
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S tage 2  (C on tinued)
21. Day 3: Second tu g -o f -w a r
22. Day 3: R a t t l e r s  r a i d  E a g le s '
cab in
23. Day 4: Eagles r a i d  R a t t l e r s '  
cab in
M i l l s ,  the  R a t t l e r  
le a d e r  p a tch es  th in g s  
up in  group
21. a) E ag les  employ s t r a t e g y
which b r in g s  c o n t e s t  to  
a t i e ;  R a t t l e r s  a r e  
f a t i g u e s  more th an  
E ag les  (who s a t  down 
and d u g - in )
b) E ag les  c o n s id e re d  the  
c o n t e s t  s h o r t ,  th e  
R a t t l e r s  c o n s id e re d  i t  
long (p. 115)
22. a) E ag les  re sp o n se :  F i r s t
a s to n ish m e n t ,  th en  
a n g e r ;  C ra ig  p re te n d s  
to  s l e e p  th rough  r a i d
b) R a t t l e r s  re sp o n se :  
h e r o ic  and j u b i l a n t  
s e l f - e x p r e s s i o n
23. a) R a t t l e r s  f u r io u s  a t  mess
in  t h e i r  cab in
b) E ag les  p re p a re  to  meet 
r e t a l i a t i o n
24. Day 4 : Touch f o o t b a l l  game
25. Day 4 : T h ird  B a s e b a l l  game
24. a) R a t t l e r s  win game by
narrow m arg in , and win 
t e n t - p i t c h i n g ;  m orale 
goes up
b) E ag les  do n o t  f e e l  too 
bad a t  lo s in g  by n a r ­
row m arg in ; C ra ig  walks 
away from c o n t e s t
25. a) E ag les  w in; m orale  goes
h ig h ;  r e f r a i n  from 
b rag g in g  in  p re sen ce  of 
R a t t l e r s
b) R a t t l e r s  e x p la in  lo s s  
because  o f  th e  h e a v i ­
ness  o f  the  b a t s  th e y  
used ; show in c re a s e  in
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S tag e  2 (C ontinued)
26. Day 5: Remaining c o n te s t s
27,
28.
in -g ro u p  s o l i d a r i t y  a t  
b r e a k f a s t  n e x t  morning 
(p lan  to  pu t  f l a g s  on 
t h e i r  p ro p e r ty  in  the  
camp)
26. a) R a t t l e r s  win t h i r d  tu g -
of-w ar
b) Eagles win second t e n t -  
p i t c h in g
c) Eagles win t h i r d  t e n t -  
p i t c h in g
27. d) R a t t l e r s  dec ide  to  r a i d
Eagles cab in  i f  they 
( R a t t l e r s )  w in , b u t  n o t  
i f  they  lose
e) Eagles win th e  t r e a s u r e  
hunt
28. f )  R a t t l e r s  r a i d  E a g le s '
c ab in  and take  away 
p r iz e s  won by Eagles
g) Mason (E) wants to  
f i g h t ;  C ra ig  ( E ) , Bryan 
(E) and McGraw (E) r e ­
tu rn  to  cab in
h) Mason (E) c a l l s  C ra ig  
and Bryan "yellow "
i )  F ig h t  between groups 
b reaks  o u t  and is  
s topped  by c o u n s e lo rs
j )  N e i th e r  group wants 
f u r t h e r  a s s o c i a t i o n  
w ith  the  o t h e r ;  nega­
t i v e  a t t i t u d e s  and 
s o c i a l  d i s t a n c e  
s ta n d a rd iz e d  in  each 
group in  r e l a t i o n  to  
the  o th e r
29. Day 6: "T es t s i t u a t i o n "  ( p . 113);
R a t t l e r s  e x p lo re  Eagle 
t e r r i t o r y
29. D isp lay  o f  p e r s i s t i n g  neg ­
a t i v e  a t t i t u d e s  by bo th  
groups
Filmed as received 
without p a g e ( s ) _ J ^
UNIVERSITY MXCROFUJyiS, INC.
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S tage  2 (C on tinued)
Day 7; S te re o ty p e  r a t i n g s  
(pp. 137-138)
Tendency (pp. 137-138) to  
r a t e  in -g ro u p  fav o ra b ly  
and ou t-g ro u p  u n fav o rab ly ;  
th e  f i r s t  tendency more 
pronounced th a n  th e  second
Day 7: Perform ance e s t im a te s
(bean to s s )
Performance o f  in -g roup  
judged s i g n i f i c a n t l y  h ig h ­
e r  than  t h a t  o f  o u t-g roup
R a t t l e r s  ( th e  lo s e r s  of 
the  tournam ent) ov e r­
e s t im a te d  t h e i r  own p e r ­
formance l e s s  than  th e  
Eagles o v e re s t im a ted  
the i r s
R a t t l e r s  u n d e re s t im a ted  
E a g le s ' pe rfo rm ance , 
w h ile  E ag les  o v e r e s t i ­
mated R a t t l e r s '  p e r f o r ­
mance (p. 146)
For bo th  g ro u p s , p e r f o r ­
mance o f  in -g ro u p  mem­
b e rs  judged s i g n i f i c a n t ­
ly  h ig h e r  th a n  t h a t  o f  
ou t-g roup  members
R e su lt s  r e f l e c t  i n ­
group s o l i d a r i t y  and 
n e g a t iv e  a t t i t u d e s  t o ­
ward o u t-g roup
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ANALYSIS OF ROBBERS' CAVE EXPERIMENT 
(C ontinued)
S tag e  3;
A. System o b je c ts ;
1 -  4 as  in  S tage  I
5. F r u s t r a t i o n —► i n t e r g r o u p  
f r i c t i o n
6 . In te rg ro u p  f r i c t i o n —► r e s i s ­
tan ce  to  c o o p e ra t io n
7. S u p e ro rd in a te  goals-  
a t  ion
•cooper-
8 . C oopera tion - 
f r i c t i o n
-decrease  o f
B. System in p u ts
30. Seven c o n ta c t  s i t u a t i o n s
31. S u p e ro rd in a te  Goal (SG) 
1: The d r in k in g  w ate r
problem
C. System o u tp u ts
30. In te rg ro u p  f r i c t i o n  remains : 
N am e-ca ll ing ,  a c c u s a t io n s ,  
i n s u l t s ,  food-th row ing  
f i g h t
31. a )  Boys choose to  s e a rc h
in  sm all  s e g re g a te d  
teams - E ag les  going 
w i th  Eagle s t a f f  mem­
b e r s ,  R a t t l e r s  going 
w ith  R a t t l e r  s t a f f  
members
b) C oopera tion  and com­
m un ica tion  between 
groups w h ile  t r y i n g  to  
e x t r a c t  s ack  from fa u ­
c e t
1) S e v e ra l  members o f  
each group ta k e  tu rn s
2) C ra ig  (E) g iv e s  ad­
v ic e  to  b o th  E 's  and 
R 's
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3) E v e r e t t  (R) asks
Eagle p a r t i c i p a n t  ob­
s e r v e r  to  t r y  i t ;  
s t a f f  com pletes  the  
job
c )  Common r e j o i c i n g ;  R a t t ­
l e r s  (who had c a n te e n s )  
l e t  E ag les  (who d id  n o t  
have c a n te e n s )  d r in k  
f i r s t ,  w ith  no p r o t e s t  
o r  name c a l l i n g ;  some 
in te rm in g l in g  a f te rw a rd s
d) N ega tive  a t t i t u d e s  p e r ­
s i s t  a f t e r  t h i s  SG; i n ­
s u l t s  and food throw ing 
a t  su p p er ;  la c k  o f  en ­
thus ia sm  fo r  idea  o f  a 
t r i p  t o g e th e r  to  Cedar 
Lake
32. SG 2: The problem o f  s e c u r ­
ing a movie
32. a )  Groups dec ide  w i th o u t  
argument on ch o ice  o f  
movie
b) M il l s  (R le a d e r )  and 
Myers (E) le ad  in 
r e a c h in g  a compromise 
s o l u t i o n  fo r  a l l o c a ­
t i n g  c o s t s  between th e  
groups
c )  Mason (E le a d e r )  does 
n o t  p a r t i c i p a t e  in  s o ­
lu t i o n
d) McGraw (E) and M artin  
(R) rend  l i s t  o f  c o n t r i ­
b u to r s
e )  N egative  a t t i t u d e s  
weaken: some s c u f f l i n g  
among a few; one n e a r ­
f i g h t  between Simpson 
(R) and Mason (E ) ; s e a t ­
ing  a t  movie a long  
group l i n e s ,  w i th  some 
e x c e p t io n s  ; groups reach  
agreem ent on ta k in g  
tu rn s  a t  e n t e r in g  d in in g  
room f i r s t  f o r  meals
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33. SG 3: Camp-out a t  Cedar
Lake
34. SG 4: The t r u c k  s t a l l s
35.
33. a )  Mason (E le a d e r )  does
no t w ish  to  go to  Lake 
w ith  R a t t l e r s ;  the  
R a t t l e r s  had r a i s e d  
some o b je c t io n s  p r e ­
v ious  day
b) The two groups swim a t  
same s p o t ,  b u t  i n t e r ­
a c t  v ery  l i t t l e
34. a )  M il ls  (R le a d e r )  sug­
g e s ts  a " tu g -o f -w a r"  
a g a i n s t  th e  s t a l l e d  
t ru c k
b) C larke  (E) and M il ls  
(R) a t t a c h  rope to  
bumper
c )  H arr iso n  (R) su g g es ts  
each group p u l l  on a 
s e p a ra te  p ie ce  o f  rope
d) Barton (R) says i t  
d o e s n ' t  make any d i f ­
fe ren ce  who p u l l s  where
e )  Groups p u l l  on se p a ­
r a t e  p ie c e s ,  excep t 
th a t  S w if t  (b ig  R) 
jo in s  Eagles  as anchor 
man, and C ra ig  (E) i s  
n ex t  to  Brown (R anchor 
man)
35. f )  Follow ing s u c c e s s fu l
s t a r t i n g  o f  t r u c k ,  
th e re  i s  much i n t e r ­
m ing ling  and f r i e n d l y  
t a l k  between groups; 
M il ls  (R), H i l l  (R), 
C ra ig  (E) and Bryan 
(E) pump w a te r  fo r  
each o th e r
36. SG 5: Meal P re p a ra t io n 36. a )  R a t t l e r s  p r e f e r  to  a l ­
t e r n a t e  meal p r e p a ra ­
t i o n  w ith  Eagles - a t  
M il ls  (R) s u g g e s t io n
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b) E ag les  a re  s p l i t  on i s ­
sue :
1) Low s t a t u s  members 
(C la rk e ,  C u t t l e r ,  
Lane) fav o r  a l t e r ­
n a t in g  w ith  R a t t l e r s
2) High s t a t u s  members 
su p p o r t  Mason's (E 
le a d e r )  o p p o s i t io n  
to  a l t e r n a t i n g
3) In  a c t u a l  f a c t ,  
w h ile  the  two groups 
d is c u s s e d  t h e i r  p r e f ­
e ren ces  about a l t e r ­
n a t in g ,  food p repa­
r a t i o n  to g e th e r  be ­
gan. (This was a 
r e s u l t ,  in  p a r t ,  of 
hav ing  b u lk  food 
which had to  be 
d iv id e d )
c)  N egative  a t t i t u d e s  de­
c re a se  :
1) No one sco lded  Myers 
(E) fo r  s a l t i n g  the  
Kool Aid by m is tak e ;  
H arr iso n  (R) even 
exon era ted  him
2) Low s t a t u s  members
on each s id e  p a r t i c u ­
l a r l y  a c t iv e  in  p re ­
p a r in g  and d i s t r i b u ­
t i n g  food
3) E a t in g  ta k es  p la ce  
in  p a r t l y  in t e g r a te d  
fa sh io n
4) At swim fo llo w in g  
t h i s  ( p . 173), the 
groups a re  b rought 
c l o s e r  to g e th e r  by 
s e e in g  a w a te r  moc­
c a s in ;  groups mix 
to g e th e r  in  w a te r
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37. SG 6: Tent p i t c h in g 37. a )  C oopera t ion  in  s o r t i n g  
ou t  t e n t  p a r t s
b) Lack o f  c o m p e ti t io n  - 
R a t t l e r s  la cked  a m a l le t  
and E ag les  had uneven 
s i t e
c)  No n e g a t iv e  a t t i t u d e s  
in  ev idence
38. SG 7: The t r u c k  s t a l l s  ag a in
39. SG 8 :  The t r i p  to  th e  border
38. a )  R a t t l e r s  i n i t i a t e  push­
ing t r u c k ,  which g e ts  
r o l l e d  in t o  a t r e e
b) M il l s  (R le a d e r )  g e ts  
tu g -o f -w a r  ro p e ;  groups 
mix in  pu11in  on same 
l i n e s
c)  C oopera tive  p a t t e r n  e s ­
ta b l i s h e d
1) in  tu g -o f -w a r  a g a in s t  
th e  t ru c k  - groups 
mix
2) in  meal p r e p a r a t io n  
- R a t t l e r s  and 
E agles work s id e  by 
s id e
3) A ll  e a t  t o g e th e r ,  
w i th  no group l i n e s  
e v id e n t
4) Engage in  f r i e n d l y  
w a te r  f i g h t ,  bu t 
n o t  a long  group 
l i n e s  (p. 175)
39. a )  McGraw (E) su g g es ts
t h a t  the  R a t t l e r s  go 
to  Arkansas f i r s t  in  
t h e i r  t r u c k ,  and th a t  
Eagles go when they 
have r e tu rn e d
b) Mason (E le a d e r )  wants 
to  r e t u r n  in s te a d  to  
Robbers Cave; C raig  
(E) su p p o r ts  him
I l l
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c) M il l s  (R) p roposes  they  
a l l  go t o g e th e r  in  
R a t t l e r  t r u c k ;  A llen  
(low s t a t u s  R) and 
s e v e r a l  Eag les  su p p o r t  
him; Simpson (R) says  
" l e t ' s  d o n ' t " .
d) M i l l s  (R) and C la rke  
(E) s e t t l e  the  m a t te r  
by le a d in g  a ru sh  to  
g e t  in to  th e  R a t t l e r  
t ru c k
e )  N egative  a t t i t u d e s  
g iv e  way to  co o p e ra ­
t i o n ,  group s in g in g ;  
b o th  groups i n s t r u c t  
Myers (E) and M artin  
(R ) , who v o lu n te e re d  
to  draw up ice -c ream  
l i s t s ,  to  ^  i t  t o ­
g e t h e r ; they  g e n e r a l ly  
approve p la n  to  r i d e  
bus to g e th e r  back to  
Oklahoma C i ty  (w ith  
H a r r iso n  (R) d i s s e n t ­
in g ;  and M il l s  (R) sup­
p o r t in g  i t  a f t e r  he 
saw the  r e s t  wanted i t )
40. SG 9: L as t  evening  in  camp 40 . a)  Groups e n t e r  mess h a l l
s e p a r a t e ly  ( a f t e r  d i s ­
c u s s io n ,  th e  E ag les  
went f i r s t  by a g r e e ­
ment) , and g e t  food 
s e p a r a t e l y
b) Table arrangem ent made 
i t  d i f f i c u l t  to  s i t  by 
groups - they  mixed 
w i th  rem arking  on i t
c) They a g re e  (under 
M i l l ' s  (R) i n f lu e n c e )  
to  j o i n t  cam pfire  a t  
S tone C o r r a l  ( p a r t  o f  
R 's  t e r r i t o r y )
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41 . SG 10: The t r i p  home
d) They take  tu rn s  a t  
e n t e r t a i n i n g  one an ­
o th e r  a l l  evening
e) No ev idence  o f  n e g a t iv e  
a t t i t u d e s  remains
41. a) They decide  to  r i d e  bus 
to g e th e r
b) S ea t in g  arrangem ent 
does n o t  fo llow  group 
l i n e s ,  as they  go t o ­
g e th e r  on th e  bus
c) M il ls  (R) su g g es t  R 's  
$5.00 p r iz e  be sp en t  
to  buy m a lts  f o r  a l l  
boys,  bo th  R 's  and E ' s .  
R a t t l e r s  approve
d) N egative  a t t i t u d e s  
gone!
(Note: on pp. 185-
196 a re  r e s u l t s  o f  
t e s t s  showing a t t i t u d e  
changes under c o n d i­
t io n s  o f  Stage 3 ) .
APPENDIX B
This Appendix c o n ta in s  the  FORTRAN l i s t i n g s  o f  th e  A daptive Decoder 
used in  Phase I  and the  s im u la t io n  program used in  Phase I I  o f  the 
R obbers ' Cave exam ple.
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C RATTLERS AND EAGLES; SIMULATED CONFLICT SITUATION
C f l  E - EAGLES (REG) R -  RATTLER (REG)
C F .  J .  KERN
DIMENSION W1( 3 5 ,1 7 ) ,W2(3 3 ,9 )  ,W3(33 ,9 )
W4(27,17),KMG(4),KSTR(4) ,KATT(4) 
K FRU (2),X (35),Y (17),Z(17),









READ2001, ( (V2(L,M), L -1 ,9 )  ,M-1 ,3 )
2001 FORMAT(15F4.1)
D04L=1,9





READ4O01, ( (V4(L,M),L=1, 1 7 ) ,M-1,5)
4001 FORMAT(15F4.1)
READ6,(KM O(Jl),J1-1,3), (KSTR(Ll),L1=1,3) 
(KATT(Ml),M1=1, 3 ) ,KFRU(1)
6 FORMAT(1312)
K=1








IF(11-I-KCLKO)14 ,14 ,13  
13 X (I )= -1 .0
GO TO 12
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14 K (I)= +1 .0
12 CONTINUE
00151=12,15 
I F (12-1+11)16 ,16 ,17





I F (16-1+12)19 ,19 ,20
19 X ( I )= -1 .0  
GO TO 18
20 X (I)= +1 .0
18 CONTINUE 
00211=20,22
IF (20-1+13)22 ,22 ,23










KTOT=KATT ( 1 ) +KATT (2 ) +KATT (3) 
TOT=FLOATF(KTOT)
IF(TOT/3.0 -1 .5 )2 7 ,2 7 ,2 8
27 XTOT=+1.0 
GO TO 35
28 IF (T O T /3 .0 -2 .5 )2 9 ,2 9 ,3 0
29 XT0T=+2.0 
GO TO 35
30 IF (T O T /3 .0 -3 .5 )3 1 ,3 1 ,3 2
31 XT0T=+3.0 
GO TO 35











I F (1 4 -1 )3 9 ,4 0 ,4 0
39 X (33)=-1 .0  







42 FORMAT(4IX,19H ATTITUDE SITUATION, IX ,12)
P R IN T 43 ,(X (I) ,I= 1 ,35)




SUM=X(I)*W 1 (1 ,1 )
501 Y(1)=Y(1)+SUM 
005021=1,17
IF (Y (D ) 504,503,503
503 Z ( l )= + 1 .0  
GO TO 502













PRINT44, KATT (4) , ITOT
44 FORMAT(5X,20H ClASSIFIEO AS 1EVE1,1X,I2,10X,I2) 
KTOT=KSTR(1 )+KSTR(2 )+KSTR(3)
T0T=F10ATF(KTOT)
IF(TO T/3.0 -1 .5 )4 5 ,4 5 ,4 6
45 XTOT=+1.0 
GO TO 49







51 X (I )= -1 .0  
GO TO 50
52 X (l)= + 1 .0
50 CONTINUE
I F (1 4 -1 )5 3 ,5 4 ,5 4
53 X (31)=-1 .0  





55 X (33) =+1.0 
PRINTS6 , K























PR IN T S?,(X (I),1=1,33)
57 FORMAT(LX,33F3.0)
PRINT58,KSTR(4),ITOT
58 FORMAT(5X,20H CLASSIFIED AS LEVEL, L X ,I2 , lOX,121) 
KTOT=KMO (1 ) +KMO (2) +KMD (3 )
TOT=FLGATF(KTOT)
IF(TO T/3.0 -1 .5 )5 9 ,5 9 ,6 0
59 XTOT=+1,0 
GO TO 63







65 X ( I )= -1 .0  
GO TO 64
66 X (I)= +1 .0
64 CONTINUE 
PRINT67,K
67 FORMAT(40X,17H MORALE SITUATION,IX,12) 
PR IN T 68,(X (I),I=1 ,33)
118




SUM=X(I)*W3 ( I ,L )
701 Y(L)=Y(L)+SUM 
007021=1,9
IF (Y (1)704 ,703 ,703
703 Z ( l )= + 1 .0  
GO TO 702














69 FORMAT(5X,20H ClASSIFIEO AS lEVEl, 1X ,I2 ,10X ,I21)
PRINT70,K
70 FORMAT(28X,22H FRUSTRATION SITUATION,IX,12)








IF (Y (1 ))804 ,803 ,803
803 Z ( l )= + 1 .0  
GO TO 802













PRINT72, KFRU( 2 ) , KFRU(1)
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72 FOBMAT(5X,20H CLASSIFIED AS LEVEL,IX, 1 2 , lOX, 12) 











C GENERALIZED ADAPTIVE DECODER
C F . J .  KERN
DIMENSION*( 3 5 ,4 1 ) ,W (35 ,17) ,Y (17) ,NUT( 4 1 ) ,Z (1 7 ) ,
V(17,5),VAL(5),NDD(17),SUM(17), MARK(17),NRD(17),B(17),DUM(10)
READl.Nl,N2,N3,N4, DELTA,D2,ALPHA
1 FORMAT(413 ,3F 5 .2)
READ2’, ( ( X ( I , J ) , I = 1 ,N 1 ) , J - 1 ,N 2 )
READ2,((V(L,M),L=1,N3),M-1,N4)
2 FORMAT(15F4.1)















F=X (I,J)*W (I,L )
5 Y(L)=Y(L)4f 
D07L-1,N3 
IF (Y (L ))9 ,8 ,8
8 Z(L)=1.0 
GO TO 7








IF(M -1)14 ,14 ,13









PRINT1 5 , (X (I ,J ) ,1 = 1 ,N I ) , (DUM(K) ,K=1, KMAX),KLASS,NUT(J) 
G0T016














IF (Y (L ))22 ,21 ,21
21 Z(L)=1.0 
GO TO 20




































































41 PRINT42, INDEX ,MISS ,MSE
42 FORMAT(2X.9HWORD NO.,I4,5X,24H ABS ERROR LAST 10 WORDS,1 4 ,23H 
SQ ERROR LAST 10 WORDS,14>
MISS=0
MSE=0







46 FORMAT(10X,12H TLU. NUMBER,14) 
P R IN T 4 7 ,( f f ( I ,L ) ,I= I ,N l)
47 FORMAT(5F7-1)






This s e c t io n  c o n ta in s  the f i n a l  w eigh ts  o f  a l l  T h resho ld  Logic 
u n i t s  used in  the  Robbers Cave S im u la t io n .
124
125
WEIGHTS FOR RATTLERS ATTITUDE 
ERRORS





TLU. NUMBER 1 TLU. NUMBER 2
1.0 1.0 1.0 1.0 1.0 .0 .0 .0 .0 .0
1.0 1.0 7 .0 3 .0 5 .0 .0 .0 2 .0 2 .0 6 .0
-1 .0 -1 .0 -5 .0 -1 .0 3 .0 ,0 .0  -4 .0 -2 .0 2 .0
-5 .0 -5 .0 3.0 3 .0 -1 .0 -6 .0 - 6 .0  2 .0 2 .0 .0
-5 .0 -1 .0 -1 .0 -1 .0 -1 .0 -1 0 .0 - 6 .0  .0 .0 .0
7 .0 13.0 -1 .0 -5 .0 -1 .0 10.0 10.0 .0 -4 .0 -2 .0
3 .0 3 .0 1.0 1.0 -1 .0 2 .0 2 .0  2 .0 2 .0 .0
TLU. NUMBER 3 TLU. NUMBER 4
.0 .0 .0 ,0 .0 .0 .0 .0 .0 .0
.0 2 .0 8 .0 4 .0 8 .0 .0 .0 4 .0 2 .0 6 .0
.0 .0 -6 .0 -2 .0 2 .0 .0 .0 -6 .0 -2 .0 2 .0
-6 .0 -6 .0 .0 2 .0 .0 - 4 .0 - 4 .0  4 .0 2 .0 .0
-6 .0 -2 .0 .0 .0 .0 - 4 .0 -4 .0  .0 .0 .0
8 .0 16.0 .0 -8 .0 -4 .0 6.0 8 .0  ,0 -4 .0 -4 .0
2 .0 2 .0 2 .0 2 .0 .0 2 .0 2 .0  2 .0 2 .0 .0
TLU. NUMBER 5 TLU. NUMBER 6
-2 .0 -2 .0 -2 .0 -2 ,0 -2 .0 4 .0 4 .0  4 .0 4 .0 4 .0
-2 .0 .0 10.0 -1 0 .0 4 .0 4 .0 2 .0  -6 .0 6.0 2 .0
.0 .0 -4 .0 8 .0 2 .0 .0 .0 -2 .0 -4 .0 2 .0
-2 .0 -4 .0 6.0 2 .0 .0 - 4 .0 -2 .0  -6 .0 2 .0 .0
-2 .0 18.0 .0 .0 -4 .0 - 4 .0 -1 0 .0  .0 .0 12.0
6 .0 .0 .0 .0 -4 .0 .0 18.0 .0 -4 .0 4 .0
2 .0 2 .0 -8 .0 -8 .0 .0 2 .0 2 .0  6 .0 6 .0 .0
TLU. NUMBER 7 TLU. NUMBER 8
4 .0 2 .0 2 .0 .0 .0 1.0 1.0 1.0 -1 .0 -1 .0
.0 -2 .0 -4 .0 4 .0 2 .0 -1 .0 - 1 .0  -9 .0 17.0 3 .0
.0 .0 6.0 .0 2 .0 1.0 1.0 11.0 -5 .0 1 .0
-6 .0 -4 .0 -6 .0 2 .0 .0 - 3 .0 - 3 .0  -9 .0 1.0 1 .0
- 4 .0 -6 .0 .0 2 .0 10.0 - 9 .0 -1 1 .0  1.0 1.0 9 .0
12.0 12.0 .0 .0 .0 7 .0 13.0 1.0 -1 .0 5 .0
.0 2 .0 6 .0 6.0 .0 1.0 1.0 5 .0 5 .0 1 .0
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TLU. NUMBER 9 TLU. NUMBER 10
.0 .0 .0 - 2 .0 - 2 .0 .0 .0 .0 .0 .0
-2 .0 - 2 .0 -6 .0 6..0 4 .0 .0 .0 .0 -4 .0 .0
2 .0 2 .0 .0 - 4 .0 .0 2 .0 2 .0 .0 -6 .0 .0
.0 4 .0 -6 .0 .0 2 .0 .0 -2 .0 2 .0 .0 2 .0
-2 .0 12.0 2 .0 2 .0 .0 .0 .0 2 .0 2 .0 10.0
2 .0 10.0 2 .0 - 4 .0 2 .0 2 .0 .0 2 .0 .0 -2 .0
.0 .0 10.0 10.0 2 .0 .0 .0 -4 .0 -4 .0 2 .0
TLU, NUMBER 11 TLU. NUMBER 12
.0 .0 .0 .0 .0 .0 .0 .0 .0 .0
.0 .0 .0 - 4 .0 .0 .0 .0 .0 -4 .0 .0
2 .0 2 .0 .0 - 6 .0 .0 2 .0 2 .0 .0 -6 .0 .0
.0 -2 .0 2 .0 .0 2 .0 .0 -2 .0 2 .0 .0 2 .0
.0 .0 2 .0 2 .0 10.0 .0 .0 2 .0 2 .0 10.0
2 .0 .0 2 .0 .0 -2 .0 2 .0 .0 2 .0 .0 -2 .0
.0 .0 -4 .0 - 4 .0 2 .0 .0 .0 -4 .0 -4 .0 2 .0
TLU. NUMBER 13 TLU. NUMBER 14
.0 .0 .0 .0 .0 .0 .0 .0 .0 .0
.0 .0 .0 .0 4 .0 .0 .0 .0 4 .0 .0
2 .0 2 .0 .0 2 .0 .0 2 .0 2 .0 .0 -2 .0 .0
2 .0 2 .0 2 .0 .0 2 .0 2 .0 2 .0 2 .0 .0 2 .0
2 .0 4 .0 2 .0 .0 6 .0 2 .0 4 .0 2 .0 6 .0 4 .0
.0 .0 2 .0 2 .0 .0 .0 .0 2 .0 2 .0 .0
2 .0 .0 -2 .0 -2 .0 2 .0 -4 .0 .0 .0 .0 2 .0
TLU. NUMBER 15 TLU. NUMBER 16
.0 .0 .0 .0 .0 .0 .0 .0 .0 .0
.0 .0 .0 4 .0 .0 .0 .0 .0 2 .0 .0
2 .0 2 .0 .0 - 2 .0 .0 2 .0 2 .0 .0 - 2 .0 .0
2 .0 2 .0 2 .0 .0 2 .0 .0 .0 2 .0 .0 2 .0
2 .0 4 .0 2 .0 6 .0 .0 .0 2 .0 2 .0 6 .0 4 .0
.0 .0 2 .0 2 .0 .0 2 .0 .0 2 .0 2 .0 .0
4 .0 .0 .0 .0 2 .0 -4 .0 .0 2 .0 2 .0 2 .0
TLU. NUMBER 17
.0 .0 .0 .0 .0
.0 .0 .0 .0 .0
2 .0 2 .0 .0 .0 .0
2 .0 2 .0 2 .0 .0 2 .0
2 .0 .0 2 .0 2 .0 2 .0
.0 .0 2 .0 2 .0 2 .0
.0 .0 2 .0 2 .0 2 .0
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NO ERRORS
TLU. NUMBER 1 TLU. NUMBER 2
3 .0 3 .0 3 .0 3 .0 3 .0 3 .0 3 .0 3 .0 3 .0 3 .0
1.0 -1 3 .0 - 5 .0 - 3 .0 - 5 .0 1 .0 -1 3 .0 - 5 .0 -3 .0 - 5 .0
- 1 .0 - 1 .0 1 .0 3 .0 3 .0 - 1 .0 -1 .0 1 .0 3 .0 3 .0
1 .0 3 .0 - 1 .0 - 1 .0 - 1 .0 1.0 - 5 .0 - 1 .0 3 .0 - 1 .0
1 .0 3 .0 - 1 .0 - 1 .0 - 1 .0 1.0 3 .0 - 1 .0 -1 .0 - 1 .0
- 5 .0 1 .0 - 1 .0 - 7 .0 - 7 .0 - 5 .0 1.0 - 1 .0 -7 .0 - 7 .0
- 3 .0 - 3 .0 - 1 .0 - 3 .0 -3 .0 - 1 .0
TLU. NUMBER 3 TLU. NUMBER 4
2 .0 2 .0 2 .0 2 .0 2 .0 1 .0 1 .0 1.0 1.0 1 .0
2 .0 - 8 .0 - 2 .0 - 2 .0 - 4 .0 - 1 .0 - 5 .0 -5 .0 -3 .0 - 3 .0
.0 .0 2 .0 2 .0 2 .0 1 .0 1.0 3 .0 1 .0 1 .0
.0 - 4 .0 - 2 .0 2 .0 .0 1.0 - 1 .0 - 1 .0 1 .0 1 .0
2 .0 2 .0 .0 .0 .0 3 .0 3 .0 1 .0 1 .0 1 .0
- 4 .0 .0 .0 -4 .0 - 4 .0 -1 .0 1.0 1 .0 -1 .0 - 1 .0
- 2 .0 - 2 .0 .0 - 1 .0 - 1 .0 1 .0
TLU. NUMBER 5 TLU. NUMBER 6
1.0 1 .0 1 .0 1 .0 1 .0 3 .0 -1 .0 - 1 .0 -1 .0 - 1 .0
1.0 - 5 .0 - 1 .0 -1 .0 - 1 .0 -1 .0 1.0 -1 .0 -1 .0 - 1 .0
1 .0 1 .0 1 .0 1 .0 1 .0 -1 .0 -1 .0 1 .0 -1 .0 3 .0
1 .0 - 3 .0 1 .0 1 .0 1 .0 -1 .0 -1 .0 1 .0 3 .0 - 1 .0
1 .0 1 .0 1 .0 1 .0 1 .0 -1 .0 -1 .0 - 1 .0 -1 .0 - 1 .0
1 .0 1 .0 1 .0 1 .0 1.0 - 3 .0 -1 .0 - 1 .0 - 7 .0 - 3 .0
1 .0 1 .0 1 .0 - 3 .0 -3 .0 -1 .0
TLU. NUMBER 7 TLU. NUMBER 8
3 .0 - 1 .0 - 1 .0 -1 .0 - 1 .0 3 .0 -1 .0 - 1 .0 -1 .0 - 1 .0
- 1 .0 - 1 :0 1 .0 1 .0 - 1 .0 - 1 .0 -1 .0 - 1 .0 -1 .0 - 1 .0
- 1 .0 - 1 .0 1 .0 3 .0 3 .0 - 1 .0 - 1 .0 3 .0 1.0 3 .0
-1 .0 1 .0 - 1 .0 3 .0 - 1 .0 1 .0 -1 .0 -1 .0 3 .0 - 1 .0
-1 .0 1 .0 - 1 .0 -1 .0 - 1 .0 - 1 .0 3 .0 - 1 .0 - 1 .0 - 1 .0
- 3 .0 1 .0 - 1 .0 -9 .0 - 5 .0 - 1 .0 1 .0 -1 .0 -9 .0 - 5 .0
- 1 .0 - 1 .0 - 1 .0 - 5 .0 - 5 .0 - 1 .0
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W eights f o r  R a t t l e r s  S tru c tu r e  (C ontinued)
TLU. NUMBER 9
3 .0 -1 .0 -1 .0 -1 .0 - 1 .0
-1 .0 -1 .0 - 1 .0 - 1 .0 -1 .0
- 1 .0 - 1 .0 3 .0 1 .0 3 .0
1 .0 - 1 .0 - 1 .0 3 .0 - 1 .0
- 1 .0 3 .0 - 1 .0 - 1 .0 -1 .0
- 1 .0 1 .0 - 1 .0 - 9 .0 -5 .0
- 5 .0 -5 .0 - 1 .0
WEIGHTS FOR RATTLERS MORALE
NO ERRORS
TLU. NUMBER 1 TLU. NUMBER 2
2 .0 2 .0 2 .0 2 .0 .0 2 .0 2 .0 2 .0 2 .0 .0
.0 .0 .0 .0 .0 .0 .0 .0 .0 .0
.0 .0 .0 2 .0 2 .0 .0 .0 .0 2 .0 2 .0
.0 .0 2 .0 2 :0 .0 .0 .0 2 .0 2 .0 .0
.0 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 .0 2 .0 .0 .0 2 .0 2 .0 2 .0 .0 .0 2 .0
2 .0 2 .0 .0 2 .0 2 .0 .0
TLU. NUMBER 3 TLU. NUMBER 4
2 .0 2 .0 2 .0 2 .0 .0 2 .0 2 .0 2 .0 2 .0 .0
.0 .0 .0 .0 .0 .0 .0 .0 .0 .0
.0 .0 .0 2 .0 2 .0 .0 .0 .0 2 .0 2 .0
.0 .0 2 .0 2 .0 .0 .0 .0 2 .0 2 .0 .0
.0 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 .0 2 .0 .0 .0 2 .0 2 .0 2 .0 .0 .0 2 .0
2 .0 2 .0 .0 2 .0 2 .0 .0
TLU. NUMBER 5 TLU. NUMBER 6
1.0 1.0 1 .0 1 .0 -1 .0 - 4 .0 - 4 .0 -4 .0 -4 .0 .0
-1 .0 7 .0 -5 .0 -1 .0 17.0 .0 - 6 .0 6 .0 2.0 -1 0 .0
1.0 1 .0 5 .0 5 .0 1.0 2 .0 2 .0 .0 -4 .0 .0
3 .0 5 .0 -3 .0 1.0 1.0 - 4 .0 - 6 .0 2 .0 .0 2 .0
15.0 - 1 .0 1 .0 1.0 1.0 -1 6 .0 .0 2 .0 2 .0 2 .0
3 .0 -1 1 .0 1.0 5 .0 - 5 .0 2 .0 6 .0 2 .0 -6 .0 4 .0
9 .0 9 .0 1.0 -1 2 .0 -1 2 .0 2 .0
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W eights fo r  R a t t l e r s  M orale (C ontinued)
TLU. NUMBER 7 TLU. NUMBER 8
-2 .0 -2 .0 -2 .0 -2 .0 2 .0 .0 .0 .0 .0 8 .0
2 .0 -4 .0 2 .0 .0 -8 .0 8 .0 -2 .0 8 .0 8 .0 -1 2 .0
.0 .0 4 .0 -2 .0 2 .0 2 .0 2 .0 2 .0 - 2 .0 .0
-8 .0 -2 .0 8 .0 2 .0 .0 2 .0 4 .0 4 .0 .0 2 .0
12,0 4 .0 .0 .0 .0 -8 .0 4 .0 2 .0 2 .0 2 .0
4 .0 16.0 .0 -6 .0 2 .0 -6 .0 4 .0 2 .0 -2 .0 4 .0
-6 .0 -6 .0 .0 -1 0 .0 -1 0 .0 2 .0
TLU. NUMBER 9
-3 .0 -3 .0 -3 .0 -3 .0 1.0
1.0 -5 .0 5 .0 3.0 -1 3 .0
3 .0 3 .0 -5 .0 -5 .0 -1 .0
-3 .0 -3 .0 1.0 -1 .0 3 .0
-5 .0 3 .0 3 .0 3 .0 3 .0
1.0 13.0 3 .0 -1 .0 7 .0
-7 .0 -7 .0 3 .0
WEIGHTS FOR RATTLERS FRUSTRATICM
ERRORS







TLU. NUMBER 1 TLU. NUMBER 2
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1 .0 1 .0 1.0
1.0 -1 .0 -1 .0 -5 .0 -5 .0 1.0 -1 .0 -1 .0 -5 .0 - 5 .0
-1 .0 -1 .0 3 .0 1.0 3 .0 -1 .0 -1 .0 3 .0 1 .0 3 .0
-1 .0 -1 .0 -3 .0 3 .0 -1 .0 -1 .0 -1 .0 - 3 .0 3 .0 - 1 .0
-1 .0 -5 .0 -1 .0 -5 .0 -1 1 .0 -1 .0 -5 .0 -1 .0 •5 .0 -1 1 .0
1.0 1 .0 1.0 1.0
TLU. NUMBER 3 TLU. NUMBER 4
1.0 1.0 1.0 1.0 1.0 .0 .0 .0 .0 .0
1.0 -1 .0 -1 .0 -5 .0 - 5 .0 .0 -2 .0 -2 .0 ■2.0 -2 .0
-1 .0 -1 .0 3 .0 1.0 3.0 .0 .0 2 .0 2 .0 2 .0-1 .0 -1 .0 -3 .0 3 .0 -1 .0 .0 .0 - 2 .0 2 .0 .0-1 .0 - 5 .0 -1 .0 -5 .0 -1 1 .0 2 .0 -4 .0 .0  ■ 4.0 -1 0 .01.0 1.0 -2 .0 -2 .0
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W eights f o r  R a t t l e r s  F r u s t r a t io n  (C ontinued)
TLU. NUMBER 5 TLU. NUMBER 6
- 1 .0 - 1 .0 1.0 1 .0 1.0 1 .0 1 .0 1.0 1.0 1.0
1.0 1 .0 1.0 1 .0 - 5 .0 1 .0 - 1 .0 - 1 .0 1.0 7 .0
3 .0 3 .0 1.0 - 7 .0 -1 .0 -1 .0 - 1 .0 3 .0 7 .0 3 .0
3 .0 3 .0 -5 .0 - 1 .0 3 .0 -1 .0 - 1 .0 5 .0 3 .0 -1 .0
3 .0 - 3 .0 3 .0 3 .0 -1 .0 1.0 - 3 .0 - 1 .0  ■ 3.0 -9 .0
1 .0 1 .0 - 5 .0 1.0
TLU. NUMBER 7 TLU. NUMBER 8
1 .0 1 .0 -1 .0 - 1 .0 -1 .0 2 .0 2 .0 .0 .0 .0
-1 .0 -3 .0 -3 .0 - 3 .0 3 .0 .0 .0 - 2 .0  ■ 2.0 6 .0
-1 .0 - 1 .0 5 .0 9 .0 3 .0 .0 .0 4 .0 8 .0 2 .0
- 1 .0 -1 .0 3 .0 3 .0 -1 .0 .0 2 .0 2 .0 2 .0 .0
1.0 - 3 .0 -1 .0 -1 .0 '  . - 9 .0 .0 - 4 .0 .0 .0 - 8 .0
- 3 .0 1.0 -4 .0 .0
TLU. NUMBER 9 TLU. NUMBER 10
- 2 .0 - 2 .0 -2 .0 - 2 .0 -2 .0 2 .0 2 .0 2 .0 2 .0 2 .0
- 2 .0 - 2 .0 -2 .0 - 6 .0 2 .0 2 .0 2 .0 .0 ■ 6.0 - 8 .0
4 .0 4 .0 10.0 6 .0 - 2 .0 .0 .0  - 16.0 .0 2 .0
-4 .0 4 .0 8 .0 - 2 .0 4 .0 8 .0 .0 6 .0 2 .0 .0
-4 .0 -1 4 .0 4 .0 4 .0 .0 4 .0 2 2 .0 .0  ■ 2.0 -6 .0
6 .0 6 .0 -2 .0 -1 6 .0
TLU. NUMBER 11 TLU. NUMBER 12
3 .0 3 .0 3 .0 3 .0 3 .0 .0 .0 .0 .0 .0
3 .0 3 .0 3 .0 3 .0 - 5 .0 .0 .0 2 .0 ■4.0 -6 .0
- 1 .0 - 1 .0 17.0 - 1 .0 3 .0 2 .0 2 .0 4 .0 2 .0 .0
5 .0 1 .0 3 .0 3 .0 - 1 .0 8 .0 2 .0 2 .0 ,0 2 .0
- 1 .0 17.0 - 1 .0 - 1 .0 - 3 .0 2 .0 12.0 2 .0 .0 -8 .0
- 5 .0 -1 3 .0 -4 .0 -1 4 .0
























































W eights f o r  R a t t l e r s  F r u s t r a t i o n  (C ontinued)
TLU. NUMBER 15
.0 .0 .0 .0 .0
.0 .0 .0 - 4 .0 .0
2 .0 2 .0 2 .0 .0 .0
2 .0 2 .0 - 2 .0 .0 2 .0
6 .0 4 .0 2 .0 2 .0 2 .0
- 8 .0 .0
TLU. NUMBER 17
- 1 .0 -1 .0 - 1 .0 - 1 .0 - 1 .0
- 1 .0 -1 .0 - 1 .0 - 3 .0 -1 .0
3 .0 3 .0 3 .0 -1 .0 - 1 .0
3 .0 3 .0 - 1 .0 -1 .0 3 .0
7 .0 3 .0 3 .0 3 .0 1 .0
- 5 .0 1 .0
TLU. NUMBER 16
.0 .0 .0 .0 .0
.0 .0 .0 - 4 .0 - 2 .0
2 .0 2 .0 4 .0 .0 .0
2 .0 2 .0 -2 .0 .0 2 .0
8 .0 4 .0 2 .0 2 .0 .0
- 6 .0 2 .0
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WEIGHTS FOR EAGLES ATTITUDE 
ERRORS






TLU. NUMBER 1 TLU. NUMBER 2
.0 .0 .0 .0 .0 .0 .0 .0 .0 .0
.0 8 .0 -2 .0 - 2 .0 4 .0 .0 8 .0 - 2 .0 - 2 .0 4 .0
.0 .0 2 .0 .0 2 .0 ,0 .0 2 .0 .0 2 .0
- 6 .0 - 6 .0 .0 2 .0 .0 -6 .0 -6'. 0 .0 2 .0 .0
- 4 .0 4 .0 .0 .0 .0 - 4 .0 4 .0 .0 .0 .0
2 .0 - 4 .0 .0 .0 10.0 2 .0 -4 .0 .0 .0 10.0
2 .0 2 .0 4 .0 4 .0 .0 2 .0 2 .0 4 .0 4 .0 .0
TLU. NUMBER 3 TLU. NUMBER 4
1.0 1.0 1 .0 1.0 1.0 .0 .0 .0 .0 .0
1.0 7 .0 - 1 .0 - 1 .0 5 .0 .0 4 .0 2 .0 2 .0 8 .0
-1 .0 -1 .0 1 .0 1 .0 3 .0 .0 .0 -2 .0 -2 .0 2 .0
-7 .0 -7 .0 1 .0 3 .0 -1 .0 -8 .0 -8 .0 -4 .0 2 .0 .0
-1 1 .0 5 .0 - 1 .0 - 1 .0 1.0 .0 2 .0 .0 .0 .0
1.0 3 .0 -1 .0 - 1 .0 9 .0 4 .0 -4 .0 .0 2 .0 -2 .0
3 .0 3 .0 3 .0 3 .0 - 1 .0 2 .0 2 .0 4 .0 4 .0 .0
TLU. NUMBER 5 TLU. NUMBER 6
-1 2 .0 - 8 .0 - 4 .0 -4 .0 - 2 .0 8 .0 4 .0 2 .0 .0 .0
-2 .0 6 .0 6 .0 -1 0 .0 .0 .0 -2 .0 - 2 .0 8 .0 6.0
.0 .0 - 8 .0 8 .0 2 .0 .0 .0 10.0 -1 6 .0 2 .0
- 6 .0 -1 0 .0 - 4 .0 2 .0 . 0 . -1 0 .0 -6 .0 .0 2 .0 .0
.0 10.0 .0 .0 - 4 .0 10.0 -2 .0 .0 .0 8 .0
-6 .0 4 .0 .0 6 .0 10.0 14.0 -4 .0 .0 -1 2 .0 .0
2 .0 2 .0 -6 .0 - 6 .0 .0 2 .0 2 .0 10.0 10.0 .0
TLU. NUMBER 7 TLU. NUMBER 8
12.0 6 .0 2 .0 2 .0 .0 4 .0 2 .0 .0 -2 .0 -2 .0
.0 .0 .0 8 .0 2 .0 -2 .0 -2 .0 .0 6 .0 6 .0
.0 .0 4 .0 -1 2 .0 2 .0 2 .0 2 .0 12.0 -1 2 .0 .0
-1 2 .0 -6 .0 .0 2 .0 .0 -2 .0 .0 4 .0 .0 2 .0
-4 .0 -6 .0 .0 .0 10.0 -4 .0 -2 .0 2 .0 4 .0 10.06 .0 .0 .0 - 6 .0 2 .0 6 .0 -2 .0 2 .0 -1 0 .0 .02 .0 2 .0 10.0 10.0 .0 -2 .0 .0 6 .0 6 .0 2 .0
133
W eights fo r  E ag les A tt i tu d e  (C ontinued)
TLU. NUMBER 9 ■^ LU. NUMBER 10
10.0 6 .0 4 .0 2 .0 .0 .0 .0 .0 .0 .0
.0 - 2 .0 .0 10.0 - 2 .0 .0 .0 .0 •■2.0 .0
2 .0 2 .0 6.0 -1 8 .0 .0 2 .0 2 .0 -2 .0 ■4.0 .0
.0 6.0 -2 .0 .0 2 .0 .0 -4 .0 4 .0 .0 2 .0
-6 .0 -10 .0 2 .0 2 .0 -2 .0 2 .0 .0 2 .0 2 .0 10.0
-2 .0 -4 .0 2 .0 -6 .0 10.0 2 .0 .0 2 .0 2 .0 .0
.0 .0 10.0 10.0 2 .0 .0 .0 -2 .0 ■2.0 2 .0
TLU. NUMBER 11 TLU. NUMBER 12
.0 .0 .0 .0 .0 .0 .0 .0 .0 .0
.0 .0 .0 - 2 .0 .0 .0 .0 .0 ■ 2.0 .0
2 .0 2 .0 -2 .0 -4 .0 .0 2 .0 2 .0 - 2 .0  ■ 4.0 .0
.0 - 4 .0 4 .0 .0 2 .0 .0 - 4 .0 4 .0 .0 2 .0
2 .0 .0 2 .0 2 .0 10.0 2 .0 .0 2 .0 2 .0 10.0
2 .0 .0 2 .0 2 .0 .0 2 .0 .0 2 .0 2 .0 .0
.0 .0 -2 .0 - 2 .0 2 .0 .0 .0 -2 .0 -2 .0 2 .0
TLU. NUMBER 13 TLU. NUMBER 14
.0 .0 .0 .0 .0 .0 .0 .0 .0 .0
.0 .0 .0 -4 .0 .0 .0 .0 .0 .0 -2 .0
2 .0 2 .0 -2 .0 -4 .0 .0 2 .0 2 .0 .0 -2.0 .0
2 .0 .0 4 .0 .0 2 .0 2 .0 .0 ■2:0 .0 2 .0
2 .0 " 4 .0 2 .0 .0 6 .0 2 .0 4 .0 2 .0 6 .0 6 .0
.0 .0 2 .0 2 .0 4 .0 2 .0 .0 2 .0 2 .0 .0
2 .0 2 .0 .0 .0 2 .0 - 4 .0 .0 .0 .0 2 .0
TLU. NUMBER 15 TLU. NUMBER 16
.0 .0 .0 .0 .0 .0 .0 .0 .0 .0
.0 .0 .0 .0 -2 .0 .0 .0 .0 2 .0 -2 .0
2 .0 2 .0 .0 - 2 .0 .0 2 .0 2 .0 .0 .0 .0
2 .0 .0 2 .0 .0 2 .0 .0 .0 2 .0 .0 2 .0
2 .0 4 .0 2 .0 6 .0 6 .0 .0 6 .0 2 .0 8 .0 6 .0
2 .0 .0 2 .0 2 .0 .0 2 .0 .0 2 .0 2 .0 -2 .0



































- 2 . 0
2 . 0
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WEIGHTS FOR EAGLES STRUCTURE
NO ERRORS
TLU. NUMBER 1 TLU. NUMBER 2
2 .0 2 .0 2 .0 2 .0 2 .0
-1 0 .0 -6 .0 8 .0 .0 - 6 .0
.0 .0 8 .0 4 .0 2 .0
.0 4 .0 2 .0 2 .0 .0
2 .0 2 .0 .0 .0 -1 4 .0
-4 .0 2 .0 .0 -2 .0 -6 .0
-2 .0 - 2 .0 .0
TLU. NUMBER 3
2 .0 2 .0 2 .0 2 .0 - 2 .0
-1 0 .0 -6 .0 6 .0 .0 - 6 .0
.0 .0 6 .0 2 .0 2 .0
2 .0 4 .0 2 .0 2 .0 .0
.0 2 .0 .0 • 0 -1 2 .0
- 4 .0 2 .0 .0 -6 .0 -6 .0
-2 .0 - 2 .0 .0
TLU. NUMBER 5
.0 .0 .0 .0 4 .0
-6 .0 - 2 .0 .0 -8 .0 -8 .0
2 .0 2 .0 .0 .0 .0
4 .0 8 .0 .0 .0 2 .0
- 4 .0 4 .0 2 .0 2 .0 -2 .0
-4 .0 .0 2 .0 6 .0 4 .0
2 .0 2 .0 2 .0
TLU. NUMBER 7
-1 .0 -1 .0 -1 .0 -1 .0 -5 .0
- 5 .0 - 5 .0 -5 .0 7 .0 7 .0
1.0 1.0 5 .0 7 .0 1.0
1.0 -7 .0 3 .0 1 .0 1.0
7 .0 - 5 .0 1.0 1 .0 -3 .0
- 9 .0 -1 .0 1.0 -5 .0 -1 1 .0
-1 .0 -1 .0 1.0
TLU. NUMBER 9
- 2 .0 - 2 .0 -2 .0 - 2 .0 -6 .0
- 6 .0 - 6 .0 -2 .0 10.0 8 .0
.0 .0 2 .0 14.0 2 .0
2 .0 -2 .0 4 .0 2 .0 .0
8 .0 - 6 .0 .0 .0 - 6 .0
- 4 .0 - 2 .0 .0 - 4 .0 -1 2 .0
4 .0 4 .0 .0
3 .0 3 .0 3 .0 3 .0 3 .0
- 7 .0 - 3 .0 9 .0 -1 .0 - 7 .0
- 1 .0 -1 .0 5 .0 3 .0 3 .0
1.0 5 .0 -1 .0 3.0 -1 .0
- 1 .0 3 .0 -1 .0 -1 .0 -1 3 .0
- 3 .0 1 .0 -1 .0 -3 .0 -5 .0
- 3 .0 - 3 .0 -1 .0
TLU. NUMBER 4
2 .0 2 .0 2 .0 2 .0 -2 .0
- 8 .0 -4 .0 4 .0 -2 .0 .0
.0 .0 4 .0 2 .0 2 .0
.0 .0 2 .0 2 .0 .0
2 .0 2 .0 .0 .0 -4 .0
-6 .0 .0 .0 -8 .0 -4 .0
-4 .0 -4 .0 .0
TLU. NUMBER 6
.0 .0 .0 .0 -6 .0
-4 .0 -4 .0 .0 6 .0 .0
.0 .0 4 .0 6.0 2 .0
.0 -6 .0 2 .0 2 .0 .0
4 .0 -2 .0 .0 .0 -4 .0
-2 .0 2 .0 .0 -6 .0 -6 .0
.0 .0 .0
TLU. NUMBER 8
1.0 1.0 1.0 1.0 -5 .0
-3 .0 -3 .0 1.0 11.0 7.0
1.0 1.0 7 .0 13.0 1.0
3 .0 -3 .0 1.0 1.0 1.0
7 .0 -3 .0 1.0 1.0 -5 .0
-7 .0 -1 .0 1.0 -5 .0 -1 3 .0
-1 .0 -1 .0 1.0
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WEIGHTS FOR EAGLES MORALE
NO ERRORS
TLU. NUMBER 1 TLU. NUMBER 2
3 .0 3 .0 3 .0 3 .0 3 .0 3 .0 3 .0 3 .0 3 .0 3 .0
3 .0 - 3 .0 1 .0 1 .0 -1 .0 3 .0 1.0 3 .0 1.0 -1 .0
-1 .0 - 1 .0 1 .0 3 .0 3 .0 -1 .0 -1 .0 - .3 0 3 .0 3 .0
1.0 3 .0 - 3 .0 3 .0 -1 .0 1.0 3 .0 -5 .0 3 .0 -1 .0
-5 .0 -1 5 .0 - 1 .0 - 1 .0 -1 .0 - 3 .0 -1 3 .0 -1 .0 -1 .0 -1 .0
5 .0 - 3 .0 - 1 .0 3 .0 -1 1 .0 7 .0 -5 .0 -1 .0 1.0 -1 3 .0
3 .0 3 .0 - 1 .0 3 .0 3 .0 -1 .0
TLU. NUMBER 3 TLU. NUMBER 4
4 .0 4 . 0 4 .0 4 .0 4 .0 3 .0 3 .0 3 .0 3 .0 3 .0
4 .0 2 .0 4 .0 2 .0 .0 3 .0 -3 .0 3 .0 1.0 1.0
- 2 .0 - 2 .0 .0 4 .0 4 .0 -1 .0 -1 .0 3 .0 3 .0 3 .0
-2 .0 .0 .0 4 .0 -2 .0 1.0 1.0 -7 .0 3 .0 -1 .0
.0 - 4 .0 - 2 .0 - 2 .0 -2 .0 -5 .0 -1 1 .0 -1 .0 -1 .0 -1 .0
2 .0 .0 - 2 .0 2 .0 -2 .0 7 .0 -3 .0 -1 .0 -3 .0 -1 3 .0
2 .0 2 .0 - 2 .0 1.0 1.0 -1 .0
TLU . NUMBER 5 TLU. NUMBER 6
2 .0 2 .0 2 .0 2 .0 2 .0 1.0 1.0 1.0 1.0 1.0
2 .0 2 . 0 ' 6 .0 -1 0 .0 8 .0 1.0 -3 ,0 5 .0 13.0 -7 .0
.0 .0 - 6 .0 10.0 2 .0 1.0 1.0 9 .0 -3 .0 1.0
2 .0 4 . 0 - 8 .0 2 .0 .0 5 .0 1.0 -1 .0 1.0 1.0
2 .0 6 .0 .0 .0 -4 .0 -1 .0 -1 5 .0 1.0 1.0 1.0
2 .0 - 8 .0 .0 8 .0 2 .0 5 .0 3 .0 1.0 -5 .0 -1 3 .0
8 .0 8 .0 .0 -9 .0 -9 .0 1.0
TLU. NUMBER 7 TLU. NUMBER 8
.0 .0 .0 .0 .0 2 .0 2 .0 2 .0 2 .0 2 .0
.0 - 2 .0 - 2 .0 10.0 - 8 .0 2 .0 -4 .0 .0 8 .0 -8 .0
2 .0 2 .0 8 .0 - 4 .0 .0 .0 .0 6 .0 -4 .0 2 .0
.0 - 4 .0 - 4 .0 .0 2 .0 .0 -2 .0 .0 2 .0 .0
2 .0 -1 4 .0 2 .0 2 .0 4 .0 .0 -14 :0 .0 .0 2 .0
4 .0 - 2 .0 2 .0 -4 .0 -1 0 .0 8 .0 6 .0 .0 -4 .0 -1 6 .0
- 4 .0 - 4 .0 2 .0 -6 .0 -6 .0 .0
TLU. NUMBER 9
1.0 1 .0 1 .0 1.0 1 .0
1.0 1 .0 - 1 .0 11.0 - 9 .0
1.0 1 .0 5 .0 - 3 .0 1 .0
- 1 .0 - 1 .0 - 1 .0 1.0 1 .0
1 .0 -1 5 .0 1 .0 1 .0 5 .0
3 .0 1 .0 1 .0 - 5 .0 -1 5 .0
- 5 .0 - 5 .0 1 .0
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WEIGHTS FOR EAGLES FRUSTRATION
NO ERRORS
TLU, NUMBER I TLU. NUMBER 2
3 .0 1 .0 1.0 1 .0 1 .0
1 .0 1 .0 -1 .0 - 3 .0 - 3 .0
- 1 .0 - 1 .0 3 .0 3 .0 3 .0






-1 .0  - 3 .0  
. NUMBER 3
9 .0
3 .0 1 .0 1.0 1 .0 1 .0
1 .0 1 .0 -1 .0 - 3 .0 -3 .0
- 1 .0 - 1 .0 3 .0 3 .0 3 .0





- 1 .0 - 3 .0 -9 .0
3 .0 1 .0 1.0 1.0 1.0
1.0 1 .0 -1 .0 -3 .0 -3 .0
- 1 .0 - 1 .0 3 .0 3 .0 3 .0






-1 .0  -3 .0  
NUMBER 4
-9 .0
3 .0 1 .0 1.0 1.0 1.0
1.0 1.0 -1 .0 -1 .0 -1 .0
-1 .0 - 1 .0 1.0 3.0 3 .0





-1 .0 -3 .0 -9 .0
TLU. NUMBER 5 TLU. NUMBER 6
.0 .0 .0 .0 .0 3 .0 1 .0 1.0 1.0 1.0
.0 .0 2 .0 2 .0 -4 .0 1 .0 1 .0 -1 .0 -5 .0 1.0
2 .0 2 .0 .0 - 8 .0 .0 - 1 .0 - 1 .0 5 .0 9.0 3 .0









-1 .0 -3 .0 -9 .0
TLU. NUMBER 7 TLU. NUMBER 8
3 .0 1 .0 1.0 1.0 1.0 2 .0 2 .0 2 .0 2 .0 2 .0
1 .0 1 .0 -1 .0 - 3 .0 3 .0 2 .0 2 .0 .0 .0 4 .0
- 1 .0 - 1 .0 3 .0 7 .0 3 .0 .0 .0 4 .0 6.0 2 .0
- 1 .0 1.0 1 .0 3 .0 - 1 .0 .0 4 .0 2 .0 2 .0 .0
- 1 .0 1.0 -1 .0 - 3 .0 - 5 .0 .0 .0 .0 -2 .0 -6 .0
- 7 .0 -3 .0 -6 .0 - 2 .0
TLU. NUMBER 9 TLU. NUMBER 10
1 .0 1 .0 1 .0 1 .0 1.0 3 .0 3 .0 3 .0 3 .0 3.0
1.0 1.0 5 .0 5 .0 - 1 .0 3 .0 5 .0 -3 .0 -9 .0 5 .0
1 .0 1 .0 7 .0 11.0 1.0 -1 .0 - 1 .0 -3 .0 -5 .0 3 .0
- 9 .0 3 .0 -1 .0 1.0 1.0 7 .0 - 3 .0 9 .0 3.0 -1 .0
9 .0 -1 3 .0 1.0 -1 .0 - 1 .0 -9 .0 17.0 -1 .0 -1 .0 -3 .0
1.0 7 .0 -7 .0 - 7 .0
137









4 .0  
.0
- 2 . 0










2. 0  





- 6 . 2
TLU. NUMBER 12
1.0 1 .0 1.0 1.0 1.0
1.0 3 .0 -5 .0 -3 .0 9 .0
1 .0 1 .0 5 .0 9 .0 1.0
13.0 3 .0 1.0 1.0 1.0
-3 .0 11.0 1.0 -1 .0 - 7 .0
-5 .0 -5 .0
TLU. NUMBER 13 TLU. NUMBER 14
1.0 1.0 1 .0 1.0 1.0 -1 .0 -1 .0  -1 .0 -1 .0 -1 .0
1.0 5 .0  - 1 .0 -3 .0 - 3 .0 -1 .0 - 5 .0  -3 .0 -3 .0 -1 .0
1.0 1.0 1 .0 - 9 .0 1 .0 3 .0 3 .0  -1 .0 5 .0 - 1 .0
5 .0 -3 .0 9 .0 1.0 1.0 5 .0 3 .0  -1 .0 -1 .0 3 .0
-9 .0 9 .0 1 .0 -1 .0 -7 .0 1.0 -1 .0  3 .0 3 .0 3 .0
-1 .0 -1 7 .0 -9 .0 3 .0
TLU. NUMBER 15 TLU. NUMBER 16
.0 .0 .0 .0 .0 .0 .0 .0 .0 .0
.0 -4 .0 - 4 .0 -2 .0 2 .0 .0 -8 .0 -8 .0 -6 .0 4 .0
2 .0 2 .0 - 4 .0 6 .0 .0 2 .0 2 .0 -1 0 .0 6.0 .0
4 .0 .0 - 4 .0 .0 2 .0 6 .0 2 .0 -4 .0 .0 2 .0
-2 .0 -4 .0 2 .0 2 .0 2 .0 .0 t4 ,0 2 .0 2 .0 2 .0
-8 .0 4 .0 -6 .0 10.0
TLU. NUMBER 17
-1 .0 -1 .0 - 1 .0 - 1 .0 - 1 .0
-1 .0 -3 .0 - 3 .0 -1 .0 3 .0
3 .0 3.0 - 5 .0 7 .0 -1 .0
9.0 1.0 - 5 .0 -1 .0 3 .0
-3 .0 -5 .0 3 .0 3 .0 3 .0
-9 .0 9.0
